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INTRODUCTION. 



The occupation of a millwright differs from that of almost all 
other tradesmen and mechanics, in that he is compelled to accom- 
modate his work to a greater variety of circnmstanccs, conditions, 
and contingencies. For instance, a millwright is employed to 
build two saw-mills, one is to be in or near a city, convenient to 
foundries and machine-shops, where a great variety of water- 
wlieels, and all the other machiner^'^ required for its construction 
can be obtained cheaply and in abundance. But the water power 
and site are valuable here, and he must select the water wheels, 
and adapt every part to do the required amount of work with the 
least possible waste of water and room, and all the machinery and 
many of the fixtures will be of iron. The other saw-mill is to be 
built back in the interior of the wilderness where all supplies must 
be packed and carried at great expense ; and here, almost the 
whole mill and machinery must be improvised of wood, on the spot. 
Timber, water power, and space being of little value, while iron; is 
B precious metal, and he must exert liis ingenuity to construct a 
mill that i^ill do the required work with the greatest possible 
economy of iron work. Mills are sometimes thus built almost 
entirely of wood, witliout bands or bolts, or even nails, with 
scarcely anjrthing metallic except the saw. 

These supposed saw-mills occupy the two extreme situations, 
but every location upon which 2i mill is to be built involves a 
modification of material and construction continually varying 
according to circumstances, requiring the millwright to deter- 
mine and select, with a due regard to contingencies, the kind of 
wheels, and machinery, and the materials most suitable to the site. 
How, and of what material to construct the dam ? is a part of the 
problem continually changing with tlie situation. 

These facts tend to show that a " boss" millwright has need of 

( vii ) 
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an extra share of tact and ingenuity, wliich will be obvious when 
we consider that a like diversity of conditions occurs in construct- 
ing other mills and niaclunery, as well as saw-mills. The following 
considerations will further illustrate tlie head millwright's respon- 
sibilities : One employer has a small stream of water with a high 
head ; another has a large stream, with little or perhaps no chance 
of raising any head above the natural current ; another has a good 
water power, and well situated, but very little means to lay out 
upon it. The next has plenty of money, but a water power and 
situation almost impracticable ; each wants some kind of mill 
built, and the millwright must plan and construct a suitable mill 
for any one, or all of these. 

Any man who would make a good ordinary mechanic may learn 
the use of tools, and- make a good journeyman millwright, but a 
thoroughly competent master millwright must, like a poet, be bom 
such, and cannot be made. Hence it is that we find so many cele- 
brated millwrights who never served an apprenticeship to that 
trade, but were originally perhaps a miller or sawyer, a carpenter 
and joiner, an engineer or machinist, until some accidental cir- 
cumstance occurred to show that they were millwrights. 

Such men come into the trade naturally by intuition, but even 
they would acquire the recjuisite knowledge much sooner, easier, 
and better, by serving a term of apprenticeship under an old ex- 
perienced master, doing an extensive business, than having to 
study and work out everj' problem for themselves. Observation 
shows that the more information and experience a millwright ob- 
tahis, the more apt and ready he becomes to learn ; and he can 
scarcely examine any old mill, or converse with any old millwright 
or miller without obtaining some new idea, or perfecting some old 
one. A full and free interchange of ideas and experience among 
leading millwrights would be of great advantage to the fateniity, 
but of this the}' are naturally chary, for the reason that each one 
has had to work out so many important problems for himself, that 
he looks upon these discoveries as his own exclusive property, and 
will leave others to work them out for themselves as he had to do, 
or remain in ignorance. 

This reticence confines the aspiring learner mostly to his own 
resources, and the help obtained from books ; and experience has 
taught us how meagre and unreliable most of the works on the 
subject are ; what a small amount of real practical information they 
contain, tedious to pick out, and unsatisfactory when obtained. 
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Some scientific books contain theories and fonnulsB by which the 
velocity and power of water under different circumstances may be 
computed ; but these, like the philosophical treatises on machinery, 
are generally written in a style that is not very intelligible to the 
ordinary learner, who, after he has unravelled all the mysterious 
scientific terms and algebraic formulae in which they are enveloped, 
often finds that they are inapplicable to his case, or unreliable, and 
he finds it easier and safer to gather information by studying word- 
ing machinery, conversing with individuals who understand these 
subjects, or by experimenting with water and other things himself, 
and working out problems with the square and compasses on a 
planed board. The work published by Oliver Evans was an ex- 
cellent practical work in its day, but mills have so changed within 
the century that it is too far behind the times to be of much use at 
the present day. 

We have frequently been requested to write a book, embodying 
our own long and rather extensive experience in building and run- 
ning different kinds of mills in many sections of this country, and 
what knowledge we have managed to pick up during that career, 
for the benefit of others similarly employed or interested ; these 
requests being backed by our own knowledge of the want of such a 
work, from the many fruitless efforts to procure one, have induced 
us to make the attempt. How far we have succeeded in supply- 
ing the want, the reader will judge. The book makes no claim to 
literary merit further than to convey the knowledge and exi>eri- 
ence gathered in the career of a hard-working practical millwright 
and miller, in plain concise terms, without any algebraic or scien- 
tific mystery, and is wholly original. Some of the chapters, as 
those on the manufacture of oatmeal, pot and pearl barle}^ and 
split peas, that on windmills, and some others, are subjects of 
which comparatively little is known in the United States, and our 
knowledge of these subjects was gathered during an extensive 
experience with these mills in the adjoining dominion of Canada and 
in northern New York where such machinery is more common. 

We have been assisted in the arrangement of the present work by 
Mr. Robert Middlemiss,of Rockbum Pro v. of Quebec, Canada, who 
has also assisted in preparing the drawings. The general scope of 
the work is to give practical and reliable information to millwrights 
and millers generally, but more especially to that large class who 
pursue their vocation in localities distant from large machine- 
shops ; also to persons contemplating erecting mills and machinery 
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in such situations ; and the author trusts that such will find much 

mformation in it which they daily require, collected and com- 

pressed within a smaller compass than in any work of a similar 

nature. The tables will be foimd reliable and so simplified as to 

be easily understood by all. To the young aspiring millwright 

and miller especially, we would say, earnestly endeavor to improve 

your mind, and enliven your spare hours by the cultivation of 

practical science ; and should this volume facilitate your progress, 

the desire of the author will be realized. 

DAYID CRAIK, 



Chubch Mills, Chatbauoay, Franklin Gk)., N. Y., 

Jane 20, 1870. 
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MRCHAXICAL POWERS. 



Elementary works on natural philosophy, treating 

upon the subject under the head of mechanics, mechani- 

cnl powers, or elements of machinery, are so numerouf, 

and BO widely distributed, that almost every person 

^_ who may be expected to take any interest in reading 

^Vthis work, must have seen and read more or less of 

^BUiese, and we will, therefore, say but little on this sub- 



n: 



One reason for this reticence, we will confess, is a 
Bort of repugnance, which we, in common with other 
millwrights of our acquiuntance, feel in wading through 
the hackneyed and bewildering technicalities which 
have been introduced into it. This is the result of the 
many unnecessary divisions and subdivisions which the 
various authors have seen fit to make out of the lever 
nd the inclined plane. One author copying from an- 
ilber, and intent on showing his greater erudition by 
bin nicer discriraination (while very few of them were 
practically familiar with the instruments they were ex- 
plaining), and each new writer felt bound to add some- 
2 
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thing Dew to the elucidations of his predecesaors. We 
have a new work before us now, which, from the posi- 
tion the author assumes, ought to be reliable, as he 
writes, like us, expressly for the information of mill- 
wrights; yet his explanation of the principle and power 
of the lever seems to us more glaringly absurd than any 
we have seen by a mere theorist. For these reasons, 
millwrights, in general, look upon all disquisitions on 
these subjects as interesting only to amateurs, and not 
available as a basis for practical calculations. 

We once undertook, in a bantering way, to raise a 
stick of timber to its place by merely walking upon it ; 
all the help we asked being a boy to block it up when 
we raised it The stick was forty-five feet long, and 
had been run into the basement of a mill, and lay an- 
gling from one corner to the opposite one, upon two blocks, 
three or four feet apart, near tlie centre. It lay two or 
tliree feet from the floor, and had to be raised four or five 
feet higher, and then swung parallel with the building, 
when the two ends would reach and rest upon the end walls. 
A pile of stufi* cut for buckets lay convenient, and a pile 
of 3 by 4 inch braces. We placed a bucket piece on 
each side of the timber, these reached from one to the 
other of the timbers supporting the stick to be raised, 
and made the commencement of the cob-house or crib 
work upon which to raise and support it. We now 
stepped on the stick and walked up to the most elevated 
end ; this brvucht that end down, throwinir the weight 
all upon the beariiig nearest to it, at the s;\me time ele- 
vating the other end, and making room for the bo}' to 
place a brace across the bearing next to that end, which 
kept it up. By walking up along the stick to the now 
elevated end, that end was depressed, relieving the 
other bearing, and making room for a brace to be placed 



MECHANICAL POWERS. 



19 



i upun that. By placing two more bucket lioards 
cross tlipse braces, and continuing tlie process, the stick 
i misted to the height required, in les3 time thun we 
pin write the details of the process. The hist hearing , 
'as placed across the middle of the cob-huuse at the 
lalancc of the stick, sind upon this it was easily swung 
round to its position on the wiills. 

Ah we are writing for the benefit of millwrights, this 
de«jription, without any accompanying draft, is all that 
is necessary, as Ihey will conipreliend the principle in- 
volved at once, and be satisfied. Butif we were writing 
for the small fry philosophers alluded to, we would have 
tom-ciimpany that deacriplion with a plan, and a tedious 
^^wid intricate formula, to demonstrate the principle of 
^^Hie lever upon which our weight acted; auothtir to de- 
^^^lonstrate the principle of the inclined plane, up which 
■ we travelled, carrying the stick (weight) up behind us; 
and yet another to show that the principle of the bat- 
(ince wa« as much involved as cither of the others; and 
lie mowt inveterate sticklers for points and principles 
lliroutd have it a tread power, or expect ua to show that 
■ach piece of scantling (brace) used, represented a wedge, 
Uid tiiat each lift was accomplished by the intervention 
^f a wedge, with the head and point reversed each time 
lllenialely. 

After making this long preface and these ill-natured 
vmarkx, it might not be expected that we should tell 
Low many kinds of levers there are, nor point out their 
iSJi^tinct peculiarities, but as the principle of the lever in 
Ik'iue xhnpe or form appears in almost every machine, 
ivever simple or complex, it is important that its 
ipiirioux combinations and relative powers should be well 
lIidera(*Jod. We will, therefore, try to point out some 
!* itn most obvious applicatious, and thus illustrate its 
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effect in increasing or diminishing power, or of incroasinj 
or diminishing velocity. 

The Lever. 

The handle of a common pump ja a familiar exampll 
of a lever. The weight to be lifted is the pump-rod and 
valve, and the column of water. The fulcrum or point 
of support ia the pin through the liandle, and the power 
is the hand applied at the long end to work it. If the 
pump-rod is attached at one foot from the fulcrum, and 
the hand applied at four feet from that point ; then every 
pound pressure by the band will raise four pounds on 
the pump-rod, but the hand will have to move four feet 
down and up tii move the pump-rod one foot. Fig. 1. 
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If the hand be applied at two feet from the fulcrum, then 
every pound pressed by it will balance two pounds at the 
pump-rod, and the hand will have to travel two feet to 
move the pump-rod one. If the hand is applied at one 
foot from the fulcrum, the eame as the pump-rod, then a 
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lUnd upon one will just balance a pound on tbe other. 
and to move the hand one foot, or an inch, will move the 
rod exactly a foot or an inch, Both arms being equal iu 
length. — power and velocity will both be transmitted 
without either loss or gain from either end of the lever. 
If the hand is applied at only luilf a foot from the 
fulcrum, it loses the advantage in power, but gains in 
that of speed, the relative proportions in the length of 
■be lever being reversed; and it will now take two 
lunds pressure by the hand to balance one pound at 
he pump-rod, — but a motion up and down by the band 
of half a f<jot, will move the pump-rod up and down 
a whole foot. 

Here it mu.st be particularly noted, that tbe tables are 
now turned in favor of speed, and against power, the 
pump-rod being on tbe long end of the lever, and the 
hand on the sliort end, and that every increase in the dif- 
ference of length in this direction, gives the pump-rod an 
icren*ed length of stroke, with a corresponding diminu- 
ion of force, while it requires an increased force to be 
(mmunicated by the hand, but with a corresponding 
:iraiiiution of the distance through which it moves, and 
hat this arrangement gains speed by wasting power, just 
Bs the first arrangement gains power by wasting speed. 
The point at which neither speed nor power is wasted 
cr ;;ained being where both ends of the lever are of 
equal length; and here the power has the same effect as 
if applied by the hand taking direct hold of the pump- 
and all the advanlage derived from a lever thus 
lituated is, that it transposes the downward pressure of 
lie hand into an upward lift on the pump-rod, thus en- 
iling the hand to work in unison with gravity, instead 
opposed to it. 
t ID the benefit derived from working in tbe direction 
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of gravitation that has established the use of this kind 
of lever for lift-pumps, blacksmith's bellows, and other 
machines requiring an upward lift, rather than the second 
kind of lever, which is used for force-pumps and other 
machines which admit of a downward pressure. 

That this second kind of lever is more powerful than 
the first, may be seen by examining the action of the same 
pump lever that we have been trying to illustrate. Sup- 
posing the column of water to be raised, with the pump- 
rod and valve, to weigh 40 lbs., the lever, as before, being 
one foot from the fulcrum to the pump-rod, then it would 
require a pressure of 10 lbs., by the hand, applied on the 
long end of the lever (handle), at four feet from the ful- 
crum, to balance the 40 lbs. The 10 lbs. and the 40 lbs. 
being both supported by the fulcrum, make 50 lbs. pres- 
sure upon it. If the pressure be applied on the lever at 
one foot from the fulcrum, then both ends being equal, it 
will require 40 lbs. pressure by the hand to balance the 40 
lbs. on the pump-rod and water, thus making 80 lbs. pres- 
sure on the fulcrum, or double the amount transmitted 
through the lever to the other end. 

Now, by moving the fulcrum bearing to a foot behind 
the pump-rod, and attaching the rod to the lever at the 
former fulcrum point, as in Fig. 2, the lever is trans- 
formed to one of the second kind, the fulcrum being at 
the end, and the rod or weight attached a foot from that 
point, a pressure up or down upon the long end will now 
produce the same increased force upon the pump-rod, that 
it exerted before upon the fulcrum, i. c, the sum of both 
weight and pressure, instead of the equivalent of one. 
This apparent gain of power by the lever has been the 
cause of many extravagant and expensive errors. Some 
millwrights increase the number of intermediate parts 
in a machine, expressly to gain this imaginary advantage. 
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' Other mechanics and geniuses will complicate and coiifuee 
the simple appliances required to drive a churn or washing 
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machine for the same reason. The opinion is quite pre- 
_ vrtlent, that when a person holding the suspending hook 

ft ttn nook at the short end of the lever, he must sus- 
tain a weight of 200 lbs., because, the_y say, the long 
lever power on which the steelyard hall acts, enables it 
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to pry downward on the fulcrum support with a force 
of 100 Ibs.y being equal to^ and balancing that on the 
short end. The most extensive application of this fal- 
lacy that we have ever seen was among the farmers in 
some of the Middle States, particularly in the southwest 
portions of New York. The ploughing is often done 
when the land is dry, and too hard for one pair of horses, 
and the custom is to attach three horses to the plough, all 
abreast. The two strongest are hitched to a common 
evener or double-tree in the ordinary way ; the centre 
of this evener is attached to the short end of a long 
lever or triple-tree, — ^this is fastened to the plough clevis 
at one third of its length from the double-tree end, 
leaving two-thirds of its length for the long end, to which 
the single horse is attached. The arguments by which 
they support this arrangement are, that by taking advan- 
tage of the gain in power, by the extra purchase of lever 
on which the single horse acts, its power balances, and 
is equal to the other two; and thus, tliey say, they have 
the power of four horses on the plough, with only the 
expense and trouble of managing three. The principle 
involved is exactly the same as that in the steelyard re- 
ferred to ; and the fictitious gain vanishes when we con- 
sider that there are only the 100 lbs. of weight on the 
short end, and the ball on the long end, with the weight 
of the intervening bar and its fixings, say 10 lbs. more, 
added to the weiglit, making altogether 110 lbs. balanced 
on the fulcrum, and held up by the person holding the 
hook. If this is not suflBciently plain, move the fulcrum 
and hook to the middle of the bar, as in Fig. 4, and di- 
vide the weight into two, of 55 lbs. each, and hang one 
on each end of the bar, or divide the respective lengths 
of the lever in any other proportion, apportioning the 
weight in the same ratio, and the weight upon the sus- 
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pending hook will always be the same, at whatever point 
of the bar it may be balanced. The same remarks ap- 

^■ply to the other problem of attaching three horses to a 

■ plough, as there ifl no principle in the lever or any other 
power in niechaiiica, by which their actual power ami 
speed can be augmented. 

We have already seuu how a simple lever may be 

■ Used to increase power at the expense of speed, or to 
^Kilicrease speed at the expense of power, but by a comfn- 
^B«Kt//ori of leverD more or less complex tliese transposi- 
^^tious may be made in endless variety, and to an almost 

unlimited extent. The principles involved in these 

I combinations ore so nearly alike, and at the same time 
BO obvious, that they reveal themselves in the construc- 
tion or planning, or even in the examination or contem- 
plation of machinery, much better then we could by 
writing of them. Therefore it will only be necessary 
to notice a few of the most important points to be kept 
in view by the millwright, and to illuatnite these we 
will go back again to the pump. But this time, instead 
uf lucating the fulcrum either before or behind the pump- 
, we will fasten it exactly over the centre, as shown 
5ii Fig. 5. In the last experiment detailed the power 
[Vus applied on the lever only half a foot from the ful- 
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crum. We will now insert a handle or pin at this poml 
and attach Ihe pump-rod to tlie same plii; now cut cff 
the lever ouUide of the pin, and, 
hy taking Imld of the pin, revolve 
it round and round like a crank. 
This will carry the end of the 
pump-rod round a circle one fiKit 
in diameter, iind lift and depress 
the valve-bucket one foot each re- 
volulion, the same as in the other 
examples with the lever; but in 
this case, without either loss or 
gain of power or speed by the 
lever, its only effect being to steady 
the motion of the hand and deter- 
mine the length of stroke. But if 
we separate the power from the 
end of the pump-rod and attach 
each by a crank of its own to the 
opposite ends of a sliort shaft, then 
we ciin lengthen the crank end to 
which the hand is applied and gain 
power on the pump, or shorten the 
same crank and gain speed on the pump, its length of 
crank and stroke remaining the same ; or, we can shorten 
the crank and stroke of the pump-rod and gain power, 
or lengthen these and gain speed in it — the length of 
t!ie hand crank remaining the same, as in Figs. 6 and 7. 
Then we can combine these alterations in both direc- 
tions and thus double the loss or gain made by either. 
So far these variations are all made by the use of a 
single lever by altering the respective lengths of the 
two ends. If we wish to gain more power or speed than 
thiB admits of then we must have recourse to a combi- 
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nation of two or more levers. To apply these, the crank 
to which the putnp-rod is ftttanhed must be changed into 

Pic B. Fir. T. 




^ 



or furnislR'd with a wheel (a coiitiiiuous revolving lijver). 
The crank to which the hand or power is applied must 
also be traosformed into a wheel and hung upon a sepa- 
rate shaft. Tlie circumference of these wheels must be 
connected by cogs, or a band, so that the iiiotion and 
power of one can be communicated to the other, as in 
Figs. 8 and 9. 

To gain power by these, the wheel to which the pump 
is attached must be enlarged, (. e., its lever power must 
be lengthened, and the wheel to which the driving-crank 
or power is applied must be diminished, tlius shortening 
its leverage and giviny it the advantage. To gain speed 
and lose power it is obvious that ttie enlarged and 
diminished wheels must change places. When it is 
necessary to gain more power or speed than two wheels 
will admit of, then one or more wheels, according to 
circumstances, must be added — thus forming a train of 
wheels in which each pair gains a proportion until the 
required result is attained. 

The movements in a clock furnish an example of a 
train of wheels gaining siieed from a slow motive power. 
Abetterexamplefor a millwright will be a large overshot 
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Fig. 9. 




wheel makiiig only three or four revolutions iu a minotft-" 
geared on to a circular saw makinK fifteen hundred re- 




volutions in the same time, and one of Lefiel's six or 
eight incli turbine?, making fifteen huodrt^d revolutions 
per minute, geared lo some tfiow moving heavy machiu^ 
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A millwright should avoid, ns much as prncticable, 
such extremes, because the less machinery that is inter- 
posed between the power end the work the better the 
result will be. It ia cheaper in the first place, easier 
worked, and less liable to get out of repair. 

The Inclined Plane. 
The inclined plane is a mechanical power so com- 
monly used, 80 simple in principle and varied in its 
applications, that people often miike use of it in their 
daily avocations without knowing or suspecting that 
they are dependent upon any of tlie (so-called) me- 
chnnical powers for assistance. The teamster trans- 
ports bis load from the valley to the summit level, or 
up the mountain, by a natural inclined plane improved 
into ft road. The backwoodsman rolls the logs on to 
his filed, a log heap, or a log house, by means of skids, 
anutber inclined plane. The merchant loads or unloads 

Fig. 10. 




his barrels and hogsheads, or transfers these into or out 
of bis cellar by a plaiik or two timbers placed parallel, 
which is also an inclined plane, Fig. 10. In digging a 
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caniil or riiisiiig an embankment the earth is wheeled j 
up an inclined plane on tlie same principle. 

In all these and simlliir operatiuns the weight or luaJ J 
is raised to the required height Ijy the cnnttnned appli- ] 
cation of a force, the power of which is suniewheru j 
between that required to move the load along a hori- 1 
zontnl plane and that which would lift the whole load , 
bodily and perpendicular. For this reaeon the method -i 
of ex^iressing the angle uf ini'linatlon by the perpen- j 
diculnr rise in a certain distance, as one foot in five or j 
one foot in ten, is preferable to lljat of expressing it by I 
the degrees in a quadrant. This will Ix; evident when 
we consider that the power required to move the load i 
up a plane is always in the ratio of the perpendicular 
rise to the liorizontal lengtli of the plane. That is, a ] 
rise of one foot in four will require a force equal to one- 
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fourth of the weight of the load; one foot rise in six or 
will lake one-sLxth or ooe-tenth of the weight of the 
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lo move it uj) the pliine. This, like tiW other theo- 
reticftl ostimntes, ignorea the resUtftnce of fiiciion. A 
knowledge of this law of incHned planca is necessary to 
the mechanic, qs he has often tu adapt machines to work 
on different inclines, Huch as tramways connected with 
mines or public works, where a carriage descending one 
plane is made to draw up another carriage on another 
plane, as in Fig. 11. 

In the iiistaiiceB relerred to the load is carried up the 
plane by the continued application of a p(irt of the force 
^_'Tequirud to lift it. But there in another application of 
^■ibe inclined plane up which ihe load is carried by steps 
^Bor inMtalinents, the whole weight being raised by a sue- 
^Vcetiision of short lifts from one restini; point to another. 
^HStairs leading up into the higher ftories of bnildings, or 
^H down into cellars, are familiar examples; or the inclined 
side of a pyriimid up which the materiuU fur \Us cuii- 
stractton ore conveyed by a succei'sion of short lifts from 
■ one course of masonry to the next one. Various nie- 
Sshanical contrivances, more or less simple, are employed 
Bii connection with the inclined plane fur nising or 
lowering heavy materials {it is equally applicable to 
loth). Such arc handspikes or ropes and pulleys uaud lu 
vlling up or letting down heavy logs and barrels, al^o 
bhc javkscrews and powerful windluBses employed in 
launching vessels or hauling them up into ducks. It 
nay be remarked that the gain of power by the inclined 
[plane,- like ihat gained by the lever, is always at the 
(expense of time or speed. Suppose a loaded carriage 
lias lu be raisfd on to a floor one foot in perpendicular 
leight above the level road, we may fix one incline to 
F extend bock ten feet from the iloor, another to extend 
I twenty feet, and another forty. It will require Xhesame 
I poteer to ih-.vw the carriage over the forty fut-t, ^vilh one 
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foot rise, as to draw it over the twenty or ten feet, with 
the same one foot rise, and that will be exactly the 
power that would raise the carriage one foot perpen- 
dicular. 

This shows that there is no power really gained by 
the inclined plane ; it is only a medium of accommoda^ 
tion by which a fortieth part of the power required to 
lift the carriage one foot high, by being exerted over 
forty times the space and time, is enabled to lift the 
same weight to the same height. It may be remarked, 
that the laws governing the ratio of power and effect 
are not arbitrary, as the last statement might imply, but 
the power is increased as the horizontal length of the 
plane is increased, and diminished as the perpendicular 
height of the plane is increased. 

The Wedge. 

The wedge is another modification of the principle of 
the inclined plane. In those already described the 
weight or load is raised by being forced up a stationary 
incline from the base or point to the head. With the 
wedge this order is reversed, the base of the plane or 
point of the wedge being inserted under the load to be 
raised or between two objects to be forced asunder, it is 
then forcibly driven to the head. By this it is to be 
seen that the distance to which anything can be moved 
or raised by the wedge is very limited. But this pecu- 
liarity, which limits its effective range to so narrow a 
space, gives it at the same time some valuable advan- 
tages, enabling it to be used in cramped situations and 
narrow spaces which would not admit of the lever or 
screw, or any other mechanical applications. Under 
such circumstances it is not only the most convenient 
mechanical contrivance that can be used, but also the 



THE WEDGE. 



33 



I 

I 



tawt powerful. Suitable wedges made of wood or iron, 

atiJ driven between substantial beivrings by a heavy 

mnul or a batteriiig-rani, exert a force Buflicient to raise 

. almost any amount of weigbt. or burst asunder alnioBt 

■ any material. We have seen a crown-wheel or pinion 

TTeigbing half a Ion bursted open by wedging it with 

I wooden wedges upon a wooden shaft. Similar wedges 

of iron or Kteel driven into a fiesure, of into holes drilled 

for their admission in a rock, will burst the rock asunder 

like the pinion. 

The following method of dividing large masses uf stone 
for milking mill-stones wa?* formerly practised in Scot- 
land and Germany: the block, after being broken from 
the rock, was dressed off round in the form of a pillar, 
Ihe thickness of which was equal tu the intended 
diameter of the mill-stones ; the pillar was then divided 
^L and marked into sections, eaeh being the intended thiik- 
^L ne&B of the stone. Holes were now drilled in these 
^^pnarks nil the way round the pillar, and dry wooden 
^^bredges were driven tight into these holes; the wedges 
^^^'ere then tjctt, and the gradual and equal expansion of 
■ the wood, by the absorption of the water, rent the sec- 
lioiiD asunder. This might, of course, be accomplished 

tby placing two half-round iron feathers, with the thick 
end down, in e:ich Iiole, and then driving steel plug 
wedges equally iill around between these feathers; this 
IB the process by which building stones are wedged 
apart, but the effect is nut so equal, and is liable to 
injure the texture of the stone opposite the wedges too 
much fur mill-stones. 
K Grindstones are sometimes made in this way, but only 

^Bio flucb quarries as do not lie in seams or layers. When 
^^Hbund it) this condition thin steel wedges are driven in 
^^Kie eeama or fissures dividing the strata, which are thus 
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raised from the ledge in large flags; these are then 
marked for stones of various diameters to avoid waste 
of materials, broken apart by plugs and feathers or other- 
wise, and then dressed off to the circle, the depth of the 
strata or thickness of the flags, making the thickness of 
tlie grindstones. 

Another example of the convenient application of the 
wedge is the use made of it in fastening the handles into 
hammers, axes, and all such tools, and also in fastening 
the gudgeons, cranks, or other such irons into wooden 
shafts. In this connection we might likewise mention 
its application in tightening and fiistening bands, pinions, 
wheels, couplings, and all such attachments to shafting, 
whether by ordinary wedges or square and tapering 
keys. For these and all other simihir purpose? there is 
no substitute for the wedge known that would be equally 
applicable and effective. 

This princii)le of the wedge renders very effective aid 
in using the axe, the chisel, the drawshave, and many 
other tools, by forcing the material apart and loosening 
the texture in advance of the cutting edge, thus assist- 
ing its entrance. It may also be observed that the 
wedge is frequently assisted in its entrance in a similar 
manner by the principle of the lecer, thus the seam of 
the rock is pried open in advance of the wedge by a 
leverage equal to the distance of the fissure and the 
strength of strata, and the timber is forced apart in 
advance of the wedge in the same way, in the process 
of splitting a log. 

The Screw. 

The screw is another modification of the principle of 
the inclined plane, but its construction and application 
are quite different from that of the wedge, which, although 
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in SO innny different furms and situations in tbe 
construction and arrimgement of machinery, furnishes 
no medivim of transmitting or comnuinicating continu- 
©us motion. The screw can be modififd to produce a 
lend lift, like the wedge, or to commiinictite almof^t 
ievery variety of motion: rectilinear, reciprocating, or 
■«t«ry. 

The most common and obvious appHcation of the 
^►rinciple of the screw is, perliap^, the screw-press, Fig. 
Il2, or tlie ordinary jack-screw for raising buildings, 
Irig. 13. 



Fig. 13. 




Other niid !-till more common applications are tlie 

I Bcrcw-bolts and nnts used for fastening almost every 

tdescriptiun of Btructui^e lugether, and screw-naijy. The 

screw, ill all its various modificaliuna, is a combination 

L>f lb« two primitive uiechanirnl powerc, the inclined 

f]tlnnc and the lever. The ihr&ol of the screw \:i a con- 

ilinuous inclined plane wound spirdly round a central 

j«hafl or axis. The wrench or bur by which it is worked 

fia a lever, the fulcrnm or axis uf which is the central 

(■hnft of tbe screw; tlie power of this lever is found t^y 

dtvidiDg its length frum the centre of the screw to tbe 
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point where the power is applied by one-half of the^ 
diameter of the screw. For an example^ suppose a 
screw be four inches in diameter and the lever three 
feet long, tden divide the length of lever, 36 inches by 
2, the half diameter of the pcrew would give 18, the 
number of times the power applied is increased. The 
power of the screw is found by dividing the length of 
one coil of the screw by the distance from the top of one 
thread to the top of the next thread above it. Here we 
will call the length of one revolution of the coil 12 inches, 
and the distance of pitch half an inch, then we have 
12 -r J = 24, being the number of times the power applied 
by the wrench (lever) is multiplied by the screw (inclined 
plane). Then 18 x 24 =» 432, the number of times that 
the power applied to the wrench is increased by the com- 
bined action of the machine. 

It may be necessary to add that the naked screw has 
no power of itself; it can only operate by pressing iigainst 
the thread of another screw which overlaps it, and is 
called a box or nut; it consists of a block with a central 
tube cut out in spiral grooves so as to fit with the screw 
which has to work in it. The lever is applied either 
upon this nut or through an enlarged head upon the 
screw itself. 

The screw, like all other mechanical powers, loses in 
speed or distance all that it gains in power. The dis- 
tance between the threads being diminished increases 
the power as the incline is diminished ; the distance of 
pitch being increased, increases the speed as the incline 
is increased. To make this plainer, suppose two screws, 
otherwise alike, but one an inch pitch of thread, the 
other half an inch pitch. Two men would raise a ton 
weight an inch high by one revolution of the lever of 
the first, while by the other screw one man would raise 
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^^Ti^™;fne weight to the same height by two revolutiona 
of the lever. 

Practice and observation have established approximafe 
rules for graduating the pitch of thread, tliickness of 
m»t, &c., to the diameter of the screw and purpose to 
which it 19 to be applied, but these would be out of 
place in a work like this. 
I The screw used for feeding the logs through a shib- 

^Kjbing gang of inaws is an example of a 8crew producing a 
^Boontinued fi)rward motion. Those used for moving the 
^Bliead-blocks and dogs of circular and other saw-mills 
^^Bgive a motion both forward and backward. The endless 
^^For everhisting screw communicates a continuous revolv- 
I ing motion to machinery. This is frequently used in 
mills to obtain a slow motion from a swift revolving 
shaft or spindle. The most familiar e.'cample of this 
device is th^ ordinary clock reel used for winding yarn 
I into skeins, and counting the requisite number of forty 
Itbreads. Tliis is done by cutting a single thrend screw 
Around thenxleof tiie reel and 6tting the screw to work 
I the edge of ii small wheel, the circumference of wliicli 
s equally divided and cut out into forty no! dies orcogm; 
hese cogs, as also the thread of the screw, are cut conic;il 
Por V-ahaped to an edge, and thus match into eut-h other. 
By turning the reel, each turn of the thread upon its 
[^ftsle receives a tooth of the wheel ami brings it forward, 
j)d as soon as one turn of the thread is dim-ngiiged 
jiotHer comes into operation, so as to produce a per- 
'petnal revolution of tlie wlieel; a short pin is fiistened 
into one side of the wheel near the edge, and catches a 
spring which it Ijends until the end slips off the pin ami 
the spring reacts bnck with a snap, which announces 
that the wheel has made its full revolution, and, conse- 
quently, the reel its forty revolutions, and therefore 



3> UECilAMCAL fOirEltS. 

conliiiiiB the K-quisite (ony threads, which are now I 
and the opcratiuii repeattil. 

By combining the bcivw with tlie wAfrf and axU in I 
this maniiLT a sluw motion is obluined, which is very^l 
^t^ullg and uniform, and is genenile^ by a very clightf 
power, but thi^ of course, must Lave a corrv^pondiug 
swiftness of motion to compensate. 

The wheel and axle here mentioned ia shown in Fig. 
14 ; it is identical with the wheel and pinion, the wind- 
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lass, and fimilar contrivances, all of which are rcvolvni* 
or perpetual levers; the wheel or cnink bt-ing the long; 
end. and the pinion or the shaft upon which the rope a£ 
chain winds, as the cnse may be, is the short end of thtt 
Fame lever. The gain of power or of speed by any c 
all of these is always in the proportion of the length J 
these ends; »,r,. the relative diameter of the one to ftrhid 
the power is applied, and tbtit upon whicli it produoT 
the effect. 

Examples of the application of the principles comlnoei 
in these mairhines are numerous and common, 
wheel and axle i8 used to hoist gtiods up to the liighi 
PtMries of store-houws. or to raiMi coals and other minen 
from mines. It is al.-o combined with other wheels and 
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increase the power of men applied i 
the crane, Fig. 15. 
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but there are otbera employed to change one kind 
motion into another, na crank}<, eccentrics, and cam 
■wheels, for changing rotary into reciprocating, or via 
versd, also universnl or toggle joints, bevel gearing, &c. 
for changing the direction of revolving motions. 

The Pulley and Cord. 
The pulley and curd is another oicuhanlcal contri-J 
Vance. The fixed pulley, Figs. ll> and 17, gives no 
increase of power, its only advantages are that it dimi- 
nishes friction and gives convenience in pulling. Th0| 
movable pulley doubles the power, as may be seen bJ 
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Fig. 18 ; one end of the cord being fastened, the pow 
applied upon the other end e.xcrts a double force upi 
Ibe pulley at the middle by losing i>ne-half of tlie ap( 

The blocks and tackle used on (ihipluitrd and in raid 
ing buildings, also for hoisting heavy materials, an 
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■tj^stems of fast nnd iiiovnlile pullers; the f;ist ones are 
I contftiiieii in Ilie upper block, ntnl tlie movnble oiieK in 
lllie block nttached to the weiglit to be raieed. The 
IfConcentration of power by these combinations ia as the 
Inuriibor of pulleys in eacli, and is detonniiied by the 
■■number uf movnble pulK-ys, each one of which doubles 
llhe p')wer, then-fure multiply tiie number of these by 
Itwo nnd that product by the power applied: this last 
Pprodiict is the weight the tackle will raise, or the full 
Kineaaiire of its accumulated force. 

It will be eeeii by this that the addition of one mova- 
ble pulley to any system of puUeya doubles the effective 
pttwer, but at the same time it also doubles the time 
Tequired to raise the weight, ns every additiunal fold of 
■ the ro|)0 makes so much more rope to draw out, Fig. 
ly. By fi.ving a windlass or wheel and nxle to wind 
op llie n)|ie of a block nnd tackle, the pinverof the lever 
is combined wilh that of the block and tackle, and there 
it BCHi-cely any limit to the power wbicli may lie e.verted 
hy surh n combination, except the strength of the mate- 
•riaU ufed. 

The pulley upon which the cord acta in these systems 
18 merely a continuous lever with equal arms, and giving 
no mechanical advantage. It is the equal distribution 
of the weight among all the folds or strands of rope 
ivhich divides and suspends it upon all the intervening 
centren of motion that gives tliis advantage. Ijcvers 
with arms of unequal lengths are frequently used, some- 
times f'F gaining power, in other circumstances fur 
gnining in length or distance of range, and also for 
slifuiging the direction of motion, and similarly worked 
by a cord. Instances of this kind of cord and lever 
xur ill mills whore they are employed to regulate the 
feed, throw tighteners off or on to belts, or to manipu- 
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Iftte the traps imd gatus for distriliuting grain 'tSbnuj 
eleviitur^i, &c. Such arrangements are called, by learned | 
nulhorc, animal levers. 

Tlie powir or vituctfi/ which these either gain or loae] 
is eitlimatcd by tlic n^'spective lengths of the two eiida. A 
iiK'naiired from the fulcrum or centre of motion, like all I 
tliii othtr levers heretoforo mentioned and referred to; I 
but when coiitiiinuus revolving leveisor wheels are used 
the gain or loss is much easier coniputt'd by measuring 
their rtlulive eircu inferences. If cug-wheeU, count the 
number uf cogs in encli and divide the larger by the 
smaller; if belt-wheels or pulleys be used, then measure 
round ihcir eircuniferences ivith a tape-liue or other 
string, taking the girth in inches, and divide the larger 
by the smaller, the same as with cogs. 

The Crank. 

Cranks, Fig. 20, are another kind of revolving levers, 
whether they are used to transform a reciprocating 
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motion into a rotary one, as in the steam englue, or to 
transpose a rotary into a reciprocating, as in the com- 

, mon saw-mill. 

This lever diffora from all the others we have been 

pconsidcrii];; in having tlje peculiarity of gradually vary- 
ing its length of fulcrum from the whole length of its 
radius dtnvn to nothing, and back again to full length 

» twice during each revolution, iinJ it maintaina this iini- 
funn gradation of length in both the situations referred 
to: that is, whether tbe reciproc.iting m.ilion be applied 
to revolve the crank, or tbe crank be eniplnyed to pro- 
duce the reciprocating motion. An exception to this 
tnay lie thought to be found in tbe apphration of the 
hand, or other revolving motor that aci-onipanics tbe 
writft-pin of the crank in its circuit; hut Bucb is not the 
I cose, because when thus situated it ceaf^es to be a crank, 
land is only an oiilinary revolving lever— the wrist.pin 
I being only the medium of connection, like any other 
»upting. 
There is nothing that we can think of in the whole 
Kftango of nieclianics that appears bo simple, and yet with 
regard to which so much misconception exists, as tbe 
■Jink- And this is the result of tbe tendency which 
exists In the ordinary mind to see and appreciate the 
idvantage of power gained by lengthening n lever, and 
piure the Ioms in time and space which that gain in- 
'olvvs. To dispel this illusion, and banish the prejudice 
■gainst the crank, it is only necessary to consider that 
fklie steam or other power applied in a right line upon a 
itruiik mu-^t follow, and be exhausted, just twice as fast 
nt tbe niiddle of the stroke, where tbe crank acts as a 
tlever of its own length, as at half way to the end, where 
Ht acts tis a lever of only half that length. So that the 
itnmk, like every other mechanical device, maintains 
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always the same ratio of power and effect with time and 
space. 

Another delusion is very common with regard to the 
crank, which is, that by making the iron arm of the 
crank considerably longer than the intended length of 
Htroke, and then crook it up in the form of a half circle 
or the letter S, a great advantage in power is gained. We 
remember hearing this point argued, when very young, 
in connection with the cranks used for turning the hand- 
mills for grinding coffee and spices. But in the y^ar 
1836, while employed with the engineers in laying out 
the works for the renewal of Fort Mif&in on the Dela- 
ware River, a very amusing controversy occurred on 
this subject. The moats or canals around the fort had 
to be pumped dry, and the screw-pumps used for that 
purpose were worked by six or eight men each. A bevel 
wheel on an inclined pump, geared into another on a 
horizontal shaft, fixed across a supporting frame: this 
shaft had a crank upon each end, each crank being 
worked by three or four men. The cranks were of 
wrought iron, and made to get the full benefit of this 
advantageous leverage; whether from the simple convic- 
tion of the maker or to humor the popular prejudice is 
not material — but the cranks were continually breaking 
and causing interruptions; and as there was no heavier 
iron on the works, nor nearer than Philadelphia, the 
question arose, whether the arm of the crank might 
not be shortened one-half by making it straight from 
the shaft to the handle. It was admitted that if this 
were done the same iron would be strong enough to 
hold the men, as only four could get hold of the handle 
at the same time; but some argued that the handles 
would have to be lengthened to allow more men to get 
hold before they could work the pump, and then the 
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"icrank would breiik as befure; and these could not be 
couviiiced until they sjiw the strnight crank applied, nnd 
^^ the pump worked by the siime hiiiids and with the siiine 
^B|ea--*e as before. 

^H Some will think such Ideas too whimi^icitl and frivo- 
^Kluus to mention here, but they are often troublesome 
^^nnd mischievous as well as whimsical; and we have 
^Hbeen so often annoyed with the same kind of philosophy 
^F since, that we think the mention here made may induce 
H some individuals to review their "theory of the bent 
^ lever," and thus be the means of getting this particular 
kink out of their ima^'inatiuns. 

The bent cranks used for tread powers, such as those 
driving turning-lathes, grindstones, or the old-fashioned 
»|iinning- wheel by the foot, are instances of the preva- 
lence of this chimera of lengthening the lever, and at 
lite same time maintaining a ehort range of etroke. 

The eccentric, so common in steam-engines and other 
machines, in a moditication of the crank, and its princi- 
ples and mode of action are identical with those of the 
crank. It is used where the situation or size of shaft 
^L or Borne other peculiarity does not admit of an ordinary 
^H crank. The various descriptions of cams are also modi- 
fications of the eccentric. The crank and eccentric liiive 
but one back and forward motion for each revolution of 
the shaft to which they belong, while by cams two or 
mure may be made, as in driving hide or clo'h fulling- 
mills, trii»-hammer», and also many other reciprocating 
movements in carding^macbines, &c. 
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CHAPTER II. 

FLY AND BALANCE-WHEELS. 

The fly-wheel and the balance-wheel, and their dif- 
ferent uses and applications, the millwright should also 
be familiar with. The fly is used to equalize velocity, 
the balance to equalize weight. 

When a crank is used ns the medium of transmission 
between a rotary and reciprocating motion, in either 
direction, a fly-wheel is generally nece.'^sary to equalize 
the momentum among the various situations of the crank 
during its revolution. The size and weight of the fly 
must, of course, be determined by the weight, and more 
particularly by the nature of the machinery. In many 
instances this contains a sufficiency of regulating influ- 
ences within itself, as the locomotive engine on a rail- 
road, or the tread-power applied to drive a grindstone. 
The ordinary stationary steam-engine, or a saw-gate 
driven by gearing or by a belt, requires a fly-wheel of a 
hize and weight proportioned to the momentum of the 
reciprocating movements. But a ^^a^v-gate or other re- 
ciprocating motion taken direct from the water-wheci 
by a crank on the same shaft will run well enough 
with no other fly-wheel than the balance. In fact, 
gates are often run in this way without either fly or 
balance; but a balance should always be attached 
when circumstances admit of it, becau.se in addition to 
the assistance rendered by balancing the weight of the 
gate and pitman, another advantage is gained in the 
reduced strain and wear upon the binder and plumb- 
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^^ block, by which the crank is much ensicr kept in its 
benritige. The rule nmong millwrighta for tlie weight 
of ihe balance is to hiive its bahiiicing power as near to 
that of the gate and pitmen as possible; the extra weight 
of the saws, stirrup-ironfi, and gaugea being found FiiflS- 
^_cient, witli the advantage of gravity, to compensate the 
^Beut of the saws. 

^H In computing this balancing power regard must be 

^Kliad to the distance of mc^i from the centre ; that is, the 

^Kireight of gate, &c., must be calculated by the length of 

^"ihe crank from the centre, while the weight of the 

babiiice must be calculated by the distance from its 

- centre of jraviftf to the same centre, which is generally 

^^^rcnter than the length of the crank. To make this 

^^nlainer, Buppo.se the crank to be tnelve inches long, and 

^V ihe centre of the balance eighteen inches from the centre 

of tlie shaftj then every pound weight in the balance 

will be etjual to one and a half on the crank. 

^H For a light and swift crank motion, such as a screen 

^^kor sieve in a grist-mill, or the whifiers which take the 

^■ruIU from a wool carding machine at the dofier cylinder, 

springs are an excellent cunipensating medium. 

There are many circumstances in wliith a lly-wheel 
may be advantageously applied in a strictly rotary 
machine, either when tlie prupelling puwix is unsteady 
or disturbed by other machines, or when the power is 
steady and the work or resistance is unequal, as in cir- 
cular saws used for cutting firevvoud, making shingles 
^^ttud Btaves, or other work where the saw is alternately 
^^kuttiiig and running empty at short intervrds. By 
^^Bengthcning the arbor of such saws so as to place a fly- 
^^■W'hcel upon the end at a convenient distance, and out 
^^Kof the way, a great improvement may be made in their 
^Ktrorkiug, as it tends to equalize the velocity while the 
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saw is running idle, and giving it out again while the 
saw is cutting. This effects a considerable saving of 
power which is stored up as it were in a reservoir and 
given out when required, thus enabling a slight motive 
power and light belt to carry a saw through a cut, which 
without the fly-wheel would check up the saw or slip 
the belt, and be ticklish and troublesome to feed. 

It should be remembered here that the principle of 
the fly-wheel is sometimes misunderstood and misapplied 
as well as that of the lever, and that the fly-wheel can 
never, under any circumstances, add power, but only 
equalize it. A machine may, therefore, be made with 
too much fly-wheel. An instance of this will show best 
what we mean. A friend of ours took a fancy for turn- 
ings and employed a good machinist to construct a crank 
power to be worked by hand to drive his lathe. The 
workman first set up a large shaft with a crank on one 
end and a fly-wheel on the other; the fly was heavy 
enough for a ten horse power engine, and a train of cog- 
wheels mgeniouslf/ contrived to gain speed by an advan- 
tageous leverage without losing power, connected this 
first shaft with the cone shaft from which the lathe belt 
got its motion ; the result was, that three men sweating 
on the crank gave the first shaft a motion like the shaft 
of an overshot wheel, and drove the lathe like a buzz. 
But the men complained that the work was too heavy, 
and we were consulted to see if the work could be light- 
ened; the rej^ult was, that the great generator of power, 
the fly-wheel, with its complicated train r.f cogged levers 
was set aside and a light band wheel upon the crank 
shaft substituted, from which the cone shaft was driven 
direct, and one man drove the machine with perfect ease 
and reguLarity. 

Now this blunder was not made by an inferior me« 
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[fitaitic, as the workmanship of the 



anoufl parte was 



kxccllent, but was the reaiilt of mistiiken theories most 
flikoly derivt'd from a careless perusul of books and 

ioyoJ 



jumping at conclusion?, whicli he had never i 

the opportunity of rectifying by experience. It may 

^—further be remarked here, aa a general rule, that when 

^^B fly-wheel is necessary to any revolving machine it 

^^nhould be either w^on or as neitr to the Inst and quickest 

^H mover as possible, and never, as in tlie case referred 

^B to, upon the first and slowest, where its effect is only to 

H load nnd lumber the macliine, and increase the friction, 

H without any compensating advantage. 

H We will end this subject by a reni:irk which we forgot 

to make when treating upon the saw-mill crank balance, 

which is, that the weight of the balance should never 

be more than the proportion there indicated, because the 

i balance, althoujrh counteracted by the weiglit of gate 
and pitman, when up or down, haa no compensating 
equivalent while acting horizontally, except the butt end 
of the pitman, which leaves a great centrifugal force 
unbalanced, and acting alternately in both directions at 
each revolution, has an injurious effect upon the binder 
nnd bearings; and further, that the balance and crank 
should be connected, and opposite each to the other, and 
not on separate parts of the shaft. A gang shaft was 
broken where we were working last winter, when no other 
cause could be assigned tlian that the balance was placed 
upon the tail end of the shaft, which was thus, in addition 
lo the strain of driving, made the medium of connection 
between the crank and balance, and it snapped off at 
the crank bearing. 
4 
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Force and Circular MotioiL 

Anything revolving around a centre has a tendency 
to fly off from that centre and proceed in a straight line; 
and this principle of motion is called centrifugal force. 
If we whirl a sling around rapidly, with a stone in it, 
and allow the stone to escape, it flies off in a straight line 
until its velocity is overcome by the resistance of the air 
and the attraction of the earth. A pail of water may 
be swung up and around in a circle without spilling the 
water even when the bottom is upward ; or by turning the 
pail rapidly in one direction, the water is piled up against 
the edges of the pail, leaving a deep hollow in the middle. 
When grain is dropped into the eye of a revolving mill- 
stone, the motion of the latter gradually communicates 
motion to the grain, and it is impelled around and out- 
ward toward the edge of the stone, where it escapes as 
meal. It is this force that throws the water from a re- 
volving grindstone, and sometimes, when the velocity is 
increased beyond the strength of cohesion in the stone, 
it is thrown asunder, and the fragments fly off like 
stones from a sling. 

This tendency to fly off in a straight line from a 
motion around a centre is called centrifugal force, as al- 
ready stated; but the power which holds bodies to the 
centre, and prevents them from thus flying off in a 
tangent to the circle they are describing, is called the cen- 
tripetal force. And all bodies moving in circles are con- 
tinually acted upon by these opposing forces; the ratio 
of each being alike and governed by the following 
laws — that is, these forces are always proportionate to 
the weight and velocity of the revolving body : If the 
weight of material be increased, its distance from the 
centre and velocity remaining the same, its centrifugal 
force will be increased in like proportion ; if the distance 
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f fmm tlie centre be increased, whlla the weij^Iit and time 
1 of revolution remain the same, these forces will also be 
i iucreuped in the same proportion. If the number of 
I revolutions in the sume time be doubled, the distance 
from tlie centre and weif^ht being the same, the centri- 
fugal force will be four titiiee ns gre:it; if the number 
of revolutions be incrcaaed three times, the force will be 
nine times as great, if four times, it will be elxteen times 
I B8 great; and so it continues to increiiae as tlie nqnare 
[ of the number of revolutions. This shows the rapid in- 
[ crease of centrifugal force with the increase of motion, 
,nd the necessity of lightening, strengthening, and 
I balunving, all rapidly revolving machinorj. It also 
[ eboffs the reason why a r&volving machine, aa a mill- 
[ dtorie, may be perfectly balanced while at rest, and yet 
be far from balanced when under a rapid motion. This 
is expliuncd in the article un biiliinciiig millstonea. 

The centrifugal force is pometimes an auxiliary power 
in some kinds of reaction water wheels. This is the 
I CBjte when tlie head or pressure of the water ia very great ; 
1 tlie (|Urtntity and weight of water used fur a given power 
I being then small. When the head of water is low, the 
I quantity required to produce any considerable power is 
great that its lifi-titeriia altogether overbalances the 
I alight increase of pressure induced by the centrifugal 
1 force. In other words, it requires a greater ^lower lo take 
I such ft continual mass of water as this requires, from u 
I »tate of rest, and impart to it the requisite revolving 
I motion while paasing through the wheel, than all the 
I nuxiliary power yielded by the centrifugal force gives 
I back. This fact we have established by varied and often 
[ repealed experiments; not with models, but with work- 
[ ing macblnes, and will not attempt to explain it here 
[ theoretically. 
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The centrifugal pump illustrates the effect of this force 
upon water. It is a hollow tube, set upright in the 
water to be raised ; two hollow arms are extended in 
opposite directions, from the top of the upright their 
hollows communicating, and the outer ends of the arms 
bent down so as to discharge the water into a circular 
trough placed under them to receive it. The upright 
tube has a valve, opening upwards, in its lower end, to 
retain the water when the machine is not in motion ; it 
has also a journal in each end, upon which to turn, and 
a sheave, or pinion on the top, by which it is driven. 
To start the machine, the discharging openings in the 
ends of the arms are slightly closed, and the interior of 
the tubes filled with water through an opening at the 
top (centre) ; the opening is then closed, and a rapid 
rotary motion is imparted to the m<ichine, which drives 
out the tem|)orary plugs from the ends of the arms, and 
a constant discharge of water is thrown as long as the 
motion and supply of water are continued. 

It is this centrifugal fon*e that gathers and communi- 
cates motion to the air in every description of blower, 
where the blast is raised by a revolving fan ; and a slight 
modification of the fan blower makes it a convenient and 
effective machine for raising or giving motion to water 
both by suction and force. 

The centrifugal gun furnishes a better illustration of 
this force tluin any yet given. A carriage wheel whirling 
rapidly along a muddy road throws the mud from its 
circumference with considerable force. Boys will take 
a ball of tough clay and fasten it on the end of a small 
stick, or a small apple or potato is better than the clay, 
or a small stone stuck in a cleft in the end of the stick; 
by swinging the stick rapidly, the missile is thrown from 
iu end with a force pivportionate to the velocity and 
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length of the stick. Tbia is the principle by which the 
cetitrirugiil gun throws ita bullets; iiietead of a stifk a 
hollow tube like a guiibarrt^I is used, one end secured 
to the centre of an upright shaft, to which a very rapid 
rotaryraotion is given by machinery; the other end can 
1« raifsed or depressed, to increase or diminish the eleva- 
tiun cif its range; the bullets are let into the tube iit the 
centre, and thrown out of the other end with a velocity 
and fori-e proportioned to the number of revolutions, and 
length of the barrel. This would be a tremendous 
engine of destruction if it could he manipulated so as to 
direct its balls to any particular point, as by fixing a 
reservoir of balls at the centre with a means for regu- 
lating their admission into the tube, a rapid and contin- 
uous discharge can lie kept up, and by increa-sing or 
diminishing the velocity, and elevating or dcpret^sing 
the outer end of the barrel, the force and distance of 
range can easily be controlled. 

When we were engaged in employments that required 
frequent correct estimates of the central force to be made, 
we fixed a unit or starting point, to compute from. We 
took sixty revolutions per minute, or one in a second, for 
the velocity, and found the distance from the centre at 
which that velocity would equal gravitation : but have 
now forgotten whether the circle described was ten inches 
in diameter, or a ten inch radius; we will therefore 
describe the simple expedient by which we determined 
this point. 

Take a thin piece of board of any convenient width, 
and bevel one end to the angle of 45'*, that is, to a mitre; 
slip this through a slit in a vertical shiift, with the short 
corner of the mitre up; now fasten a weight by a string 
or small wire to the upper short corner of the mitred end, 
and set the machine in motion. Time and regulate the 
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revolutions to 60 per minute, and then knock the board 
backward or forward in the slit, to lengthen or shorten 
the carrying arm, until the string supporting the weight 
corresponds exactly with the bevelled end of the arm. 
This shows the centrifugal force to be equal to the weight, 
in other words, it is drawn outward by centrifugal force, 
just as much as it is drawn downward by gravity: and 
it only remains to measure the distance from the centre 
of motion to the centre of the weight (not its point of 
suspension) to complete the problem. This velocity and 
distance, if retained, give a basis from which to calcu- 
late for any other velocity and distance from the centre, 
by the rules of ratio and progression already given. 
The weiijht of the mass under consideration, whatever it 
may be, furnishes, of course, the other important item 
in all such computations. 

Action and Reaction. 

These forces are always equal, and in contrary and 
opposite directions one to the other, whatever the power 
or force employed to generate the motion may be. The 
powder exploded within the gunbarrel or cannon exerts 
the same force against the breech as against the bullet 
or missile shot from the bore; the difference in velocity 
between the projectile and the recoil of the gun being as 
the difference of weight in each. The recoil or rebound 
of the guns in a ship of war has frequently kept them 
off a lee shore w hen all other resources had fsiiled, and 
has sometimes set them afloat when they were actually 
aground. The chute of water projected against a wheel 
exerts the same force against the penstock or flume that 
it oommunicates to the bucket upon which it impinges. 
This is the power employed in Dr. Barkers and other 
reaction wheels 
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IforM in the act of drawing exerts tlie fame force, 

I a ctmtniry direction, again^^t the road that he does in 
aoving forward tlie load. This is the power eniplo^fd in 

II horse tread-powers, whether the animal be hitched to a 
lar, and draw on a horizontal wheel, or climb an incline. 

A better illustration of this hiw of motion will be 
pund in rowing or pushing a Bniiill boat upon the water, 
["he oar being pushed against the water moves the hunt 
D one direction, tlie "slip" of the oar moves the water 
n the opposite direction ; the force and motion being 
livided and absorbed somewhere between these — one re- 
iresenting action, the other reaction. Now, suppose the 
IRr be placed against earth, or something immovahle, 
nstead of the water, and the same force applied : the 

'essure, as before, will be equal and opposite, but all the 
lotion is given to tlie boat — the re.iult being the same 
rbetber the man be in the boat or on the land. To make 
his plainer, suppose two boats of equal size and weight, 
rith a rann in each; connect these by a long light pole, 
acU Dian hiiving hold of the opposite end. Now let 
K»th men pull alike u|K>n the pole, and the boats will 
ftpruacb cnuh other with equal speed and force, meeting 
lalf way ; if something elastic, as a suitable spring, were 
nlerposed between their points of contact, it would be 
Dinpressed until the forces of both were overcome, when 
he elastic spring would react, sending both bfiats back 
part again ; or rather let both men cease pulling when 
be boats approached sufficiently neiir each other, and 

ish apart; they must now e.xert the same force to stop 
be motion that it took to engender it, excepting the loss 
jjr friction; and if that force is continued after the 
ipproaching motion is slopped, then the boats will begin 
D move Apart again, as in tlie other case; the strength 
if tlie men exerted through the ijole being interposed 
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instead of the spring. In this ease, the boats being 
of equal size and weight, the motion of both will be 
alike. If the size and weight of the two were very 
different (as in the ease of the gun and missile shot from 
it), then the velocity of each would be as the mass and 
weight of each. 

The small steamer ** Nellie Tupper," four horse power, 
when towing logs on Chateaugay Lakes, left the two 
men, who made fast the tow-line to a raft, upon it ; the 
captain refusing to stop the boat, or send a small boat 
to take them on board. Both being strong resolute men, 
they fixed themselves in an advantageous position, and 
undertook to pull the steamer hack^ and get on board ; 
this they accomplished to their own satisfaction and of 
all who witnessed the feat. But all they actually ac- 
complished was to bring the raft and boat together by 
pulling on the tow-line, like our supposed men pulling 
on their connecting pole. Here note particularly this 
difference, which is of vital importance to the millwright; 
the two men pulling on one end of the tow-line, had a 
power equal to four men, two pulling at each end, but 
only half the speed. Here the boat and raft both con- 
tinued their journey, the speed of the raft being accele- 
rated, while that of the boat was retarded, in exact pro- 
portion to the mass of each. 

We have neither the ability nor wish to write a philo- 
sophical treatise upon Action and Reaction, but as it is 
a subject that every millwright should understand per- 
fectly, we will try to make those points a little plainer, 
which particularly relate to his business. 

If two boats, or equal other floats, be placed side by 
side upon the water, and a man stand upon one and 
push lengthwise upon the other, if both be alike free to 
move, the one under his feet will move back and the 
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other forwiird ns lie trnvels along, earh moving at Iialf 

the nilu of the man's walk. If the one upon wliich lie 

B lanfl» be fastened, the other will be pushed forward at 

Btlie same ppeed the man travels. If the one against 

Hkrhich he pushes be fasteneJ, and the other released, then 

the one upon which he travels will move at the full epeed 

of his walk. In the first instnnre each flout moves at 

half speed, but in opposite directions; in each of the 

liBtlier cases only one float moves, bnt with the whole 

^Brelocity of the man's walk, the power applied in the 

^Kbree cases being the same. But lot the man push ngainst 

^■ome part of the float on which he stnnds ever so hard, 

2«nd he can give it no motion. Tliis would be like 

working a great bellows placed on the after end oF a 

vessel to 611 a sail on the bow, expecting to drive the 

^vessel forward — such an arrangement could give it no 

otion, but if the ?nil were removed, and the bellows 

Irorked, the vessel would be driven backward. The wind 

om such a bellows or other source, clear of the vessel, 

npinging against the sail, would of course give It 

|ieadway. 

Now many ingenious millwrights have attempted, and 
ne claim that they have actually constructed, a yiiter 
"wheel that will combine both of these powers, and give 
a double result. We confess to pursuing that "ignis 
fatuus" in our own younger days, but we never succeeded 
in combining both [wwers in the same wheel, which would 
be like getting into n basket, and attempting to lift one's 
y llie bandies, implying n genius of the perpetual 
n calibre, which we now disclaim. We placed n light 
'heel outside of Dr. Barker's reaction tube wheel, 
rtiich intercepted the discharging water, and of course 



^Toived in the con 



ntrary 



direclli 



, but found it much 



tetter to lengthen the tubes or arms of the first wheel 
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and take all the power from that, than to divide the 
power in two, and gear those two separate powers together 
upon the machinery to be driven, as it made a very good 
and simple arrangement very complicated, and detracted 
very sensibly from the power. See the article on 
Barker s wheel. 

There is a way of employing the recoil or reaction of 
the water upon the same wheel, after or as it strikeSf 
which makes the force of impingement similar to that 
produced by the stroke of a perfectly elastic body. To 
effect this, the water must be sent around a curve repre- 
senting a half circle, the water being shot into one end 
of the curve, which it follows around and escapes from 
the other end with nearly the same velocity with which 
it entered, returning toward the point from which it 
issued, like the curved plate armor which Louis Napoleon 
placed upon some of his ships of war, to conduct 
the balls fired against them around a similar curve, and 
hurl them back in the teeth of those who fired them. 

To test the actual gain by this plan, we caused a 
column of water to descend perpendicularly upon a level 
scale, and balanced its force with weight.^ ; we then put 
a curved scale, such as indicated, in place of the flat 
one; this returned the column of water up again, close 
to the descending column, but not touching it. It now 
required double the weight to balance the scale. Some 
would think this a very valuable discovery, but this 
double power, which seems so sure and satisfactory when 
weighed and tested upon the stationary scale, is very 
much modified and dissipated when practically applied, 
and the motion of the wheel as it recedes before the 
water, carries a great part of the recoil away with it, 
arid changes the exact half circle into the curve seen in 
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■sets of our centni vent water-wlieel, wliicli see 
tlie chapter on Centre Discljarge Wheels. 
The proper curve re(|iiired to calch and relurn the 
iter so n« to get the henefit of this recoil, is very diflB- 
It to under»taiid, and siill more difBcult to exphuii. 
i water is affected by co inany different contingencies 
I circumstances in passing tlirougli the curved bucket 
ile the wheel is in motion, tliat we only found the 
tper curve by m.'Uiy repeated experiments, as detailed 
Ihe description of the wheel. In the first place tlie 
ter must be shot into the outer end of the bucket, 
It i», at the circumference, and not at tlie centre of ihe 
eel: because then the water passea through in the di- 
tion of the wheers motion, the friction thus helping, 
ilend <tf hindering, the motion of the wheel ; and also 
i Ihe centrifugal force acting against the force of 
( entering water, forces it outward against the inner 
icing side of the bucket, and prevents it from touuhing 
B bnck of the next one; and lastly, it brings the dis- 
irging water near the centre of the wheel, where the 
ition ia conipanitively alow, and this allows the nearly 
nt water to impinge its little remaining force upon the 
irt curve of the inner end of the buckets, by its 
oil. 

In referring to the recoil of a gun, we said it was equal 
Uie action of the powder against the ball — that i.«, the 
jcity of the ball multiplied by its weight is exactly 
a1 to the velocity (recoil) of the gun and its attacli- 
bt8 multiplied by their weight. This may seem to 
following the laws of weight and velocity to an ex- 
but it is sometimes necessary for the millwright 
leal with this law in a still greater extreme, like firing 
I same charges of powder without any ball, or with 
bk cartridges'. In this case, the powder having nothing 
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but the atmosphere to act against, the recoil is very small; 
give it water instead of air to act against, and it will shiver 
the hardest rocks, although otherwise unconGned. Large 
rocks in the rapids of the river St. Lawrence have been 
Wasted and removed in this manner, in situations where 
it was impossible to drill and blast by the ordinary 
method. Many years ago, we saw a rotary steam engine 
driven by the recoil of the steam, on the same principle 
as Barker's water wheel. A pipe from the boiler car- 
ried the steam up into a central hub or chamber, from 
which two hollow iron arms projected in opposite direc- 
tions; the hollow of these communicated with the inte- 
rior of the hub and admitted the steam, which was forced 
out through a small hole in the opposite side of each 
end. These arms were about three feet long, flattened 
to avoid the resistance of the atmosphere, and slightly 
bent at each end. They resembled, in shape and size, the 
iron scabbard of a dragoon's sword, and the hole in 
each for the discharge of steam, the sizq of a large 
knitting needle. The outside of the hub was turned off 
to the shape of a pulley, and a belt from it drove the 
machinery. This is the cheapest, most direct and simple 
of all the applications of steam to drive machinery; and 
if steam were a dense and heavy fluid, such as water, 
it would also be the most effective. But this is the dif- 
ficulty, steam is so light and ethereal, having such facility 
for increased motion and escape under high pressure, as 
shown by the action of the steam-gun, that this mode of 
working it is like exploding gunpowder in a blank cart- 
ridge. This engine made somewhere about fifteen thou- 
sand revolutions per minute, and used all the steam that 
could be raised in a boiler rated at twelve horse power. 
The steam gun referred to threw a continuous stream of 
bullets from a hopper at the breech, and it was found 
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■very increase in the length of the h irrt'l used 

iniii]c 11 cor responding increase in the distance uf its range, 

whicli is not the case where gunpowder h UMed, Perkins, 

the inventor, chiiined thiit it could throw ii hall from 

Dover, in England, acrnaa the channel, to Calais, in 

ranee, a distiince of twenty two miles. 

The centrifugal gun is another engine that throws a 

Dtinuous stream of hullels from a hopper at the centre. 

is simply a long tube like a gunbarrel, one end being 

llened to a central pivot or shaft, which coniniunicates 

it a very rapid revolving motion. The balls are ad- 

itted into the tube at the central end, and tlirown out 

the outer revolving end by the centrifugal force. 

I principle is similar to that of the filing. 

]t occured to uh that a combination of these two ma- 

ines coidd bo made, by using two round tubes like these 

abarrels, as arms for a rotary engine, which would 

tld ft very strong renction power. To do this the tubes 

^uld have to be bent by an easy curve towards the 

;er end, to a right angle, so as to discharge on a tangent 

th the circle described, and we mention it to illustrate 

e principle and mode of reasoning which led ns to adopt 

I following modification of the reaction rotary Pteam 

igine, which makes it a very effective and economical 

m:u:liiue. 

The machine itself, that is the central hub and hollow 
■rms are longer than that described before, as it requirus 
1 grenlor interior capacity, but otherwise it is the same, 
-md the modifiratiun consists in furcing water through it 
inp<trnd of steam or bullets. The weight and incompres- 
^ibility of water enable it to resist every acceleration 
-f motion. A double pressure of steam would double 
:•■ Vflocity and efcipe, and only double its power of ac- 
tion and reaitiiin ; but it requires a fourfold pressure to 
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double the velocity and escape of water, and this double 
discharge of water gives eight times the power of action 
and reaction. For an explanation of this, see the article 
on the " Pressure and Power of Water." 

The pressure of the steam is made to act upon the 
water on the principle of Savery*s double engine. See 
the chapter on " The Transmission and Transportation 
of Motive Power." 

So long as the mechanical power of water was obtained 
almost exclusively bj' the use of the overshot and under- 
shot wheel and their modifications, a millwright might 
get along pretty well without a very thorough know- 
ledge of the peculiarities of this action and reaction of 
water, and the relation of each to the other; but now, 
that such a great variety of wheels are used, employing 
every modification of these two forces, and acting upon 
principles more or less scientific and intricate, a more 
perfect understanding of these principles is indispen- 
sable. 

There is one universal law to be accepted in every ap- 
plication of motive power, whatever that power may be, 
which is : That the motor, being limited both in force and 
velocity, may be made to give out nearly its whole force 
in one direction, and its whole velocity in the opposite, 
like the gun, and missile shot from it; or it may be made 
to yield a certain force and velocity in both (opposite) 
directions, like a rocket, ascending by the combustion 
of its contents, reacting against the air. But whatever 
force and velocity it yields in one direction are subtracted 
from that in the opposite direction, because each velocity 
and force, being measured and multiplied together, and 
the product of both added, give the measure of the 
motor applied, and it is not possible to make any combi- 
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^Hmon, "by which more than this measure can be ob- 

^V For nn illustration of this, we will suppose a Burker's 
wheel, Fig. 25, disclmrging its water upon the buukets of 
another wheel placed around its outside, and both geured 

ilo the same machinery. The outside wheel rect-'ivea the 
Birect action of the water, the inside one the reaction or 
recoil. Here it is evident that the velocity with which 
the inside wheel moves must be deducted from tlie 
velocity of the discharging water before it strikt^s the 
outer wheel; and further, that the proportions of the 
gearing connecting these may be changed, so iis to give 
one nearly all the velocity, and the other nearly all the 
■jpower, and vice verm ; and that either will yic-ld all 
^Mhe power and speed of both by stopping the other. 

^H Friction. 

^V The rubbing of one surface against another is called 
I friction. It has a constant tendency to diminish jxiwer, 

and retard velocity in every description of machinery ; 

ftnd in adapting the power of any first mover to a par- 
^■licuiar kind and amount of work, an allowance of more 
^br less power, iiccording as the machinery is complex or 
^Birapte, must be made to compensate for the waste of 
^Bower and velocity by the friction of the moving parts. 
^B There are so many contingencies affecting the diflerent 
^Binds of machinery, and the conditions and circumstanL-e.^ 
^Bmder which they are worked, that no rule that wonld be 
^■tven appro.Kimate, can be given to compute the amount of 
^^Waetc by friction; some mucliines, of simple construclion 
^^■ud good materials and workmanship, using up ^1^ part ot 
^Hthe motive power; while otiiers, where these conditions 
^Hueall the opposite, use up one-half or more, of the power 
^Bbpplied. The friction of polished wood or metals sliding on 



64 FLY AND BALANCE-WHEELS. 

each other, is equal to about one-fourth of the pressure. 
The friction of wood and metal working upon each other, 
is a little less than that of two woods or metals working 
in contact. Friction is considerably reduced by inter- 
posing some kinds of unguent, as tallow, oil, or water, 
between the rubbing surfaces. Tallow is found be»t for 
wood, as oil or water tends to open the pores or grains of 
wood, and soften its texture. Tallow is too hard for iron 
journal?, unless in some cases, as in steam-engines, where 
the heat is sufficient to keep the tallow fluid. Olive and 
sperm oil are both good for lubricating all kinds of me- 
tallic journals and bearings. Hog's lard is a good sub- 
stitute fur oil between metals, or for tallow between woods, 
or wood and metal. Powdered blark lead mixed with 
the lard, tends to polish and harden the wood by filling 
the pores. 

Water, when clean, and never allowed to get dry, is 
the most reliable lubricator for the iron journals of water- 
wheels, when run upon wooden bearings; but ample 
provision must be made to admit the water between the 
journal and step or bearing, or they will heat, and burn 
out the step in a very short time, even when deep in 
back-water. 

The retarding effect of friction is not materially in- 
creased or diminished by either enlarging or diminishing 
the surfaces of contact ; but by lengthening the bearing 
of journals, or other movements, the friction is distri- 
buted over a greater surface, and they will keep cooler, 
the oil will keep better, and the danger of grinding or 
wearing the surfaces is very much lessened. 

Neither is friction affected in any material degree by 
changes of velocity, its retarding effect being nearly the 
same at all degrees of velocity. But to increase the 
velocity by enlarging the dicimeter of a journal, or di- 



ninish velocity by reducing its (the jouronl's) diameter, 
ill iiicroiiwe or diminish friction in the same proportion, 
le the increased diameter moves the resistance of 
J frietiun i'urtlier from the centre, and gives it more 
'cha.se to hold back, while the diminished diameter 
'tnoves it nearer to the centre, and thus diminishes its 
power of resistance, wiiile the friction at the point of con- 
tact remains in each cose the same. 

This will be better understood when we consider that 
the power of friction to resist the motion of a revolving 

I wheel ia directly aa the diameter of the jouruala and 
tversely as the diameter of tlie wheel. 
[ Although friction is not materially affected by changes 
■ velocity, or by altering the breadth or area of bearing, 
mis very sensitive to any increase or diminution of weight 
or pressure; and any variation of this in either direc- 
tion increases or diininlt^hes the friction in the eame 
proportion. This shows the economy of making machi- 
nery as light as is compatible with sufficient strength. 
Friction, while its constant tendency is to obstruct 
^and destroy motion, may, nevertheless, be sometimes 
^■prned to useful purposes. It is friction that enables 
^H wedge to hold its lift, as each successive stroke 
l^wvances it to tbe head. It also enables the screw to 
hold each advance made by a turn of its lever. Friction 
also furnishes a convenient medium of communicating 
Buid transmitting motion in machinery, as in gigging 
^Piu;k the carriage and log in saw-tnills; and in some 
^TDodem mills, the whole driving power for both saws 
and mill-stones is communicated by friction of iron upon 
iron. It IB friction also that enables belts and chains 
b convey the motion from one pulley to another. 
5 
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CHAPTER III. 

TRANSMISSIOX AND TRANSPORTATION OF MOTIVE 

POWER. 

It is frequently necessary to transmit motive power to 
a distance from the source where it is generated. This is 
generally effected by means of shafting coupled together, 
or otherwise connected, or by belts or chains carried 
over pulleys. Sometimes it is transmitted through con- 
necting rods of iron or wood. We have seen it trans- 
mitted for several hundred feet from one iron shaft to 
another lying parallel to it, each shaft having three 
equal cranks, exactly alike, and connected by iron rods 
in such a position that one of these cranks was always 
in a position for the connecting rods to draxo upon the 
crank at its opposite end ; and thus, by the combined 
action of the three, the motion of the first shaft was com- 
municated to the second. This plan was used to trans- 
mit the power from a water-wheel in the rapids of the 
Niagara River to a grist-mill upon the top of the rock. 
This mill stands (or stood) upon the American side, just 
above and in sight of the suspension bridge. In all 
these cases the power is transmitted through the various 
mediums after the motion is generated, and the distance 
to which it can be carried by any of these is very lim- 
ited, as the w^eight of material and the friction soon use 
lip the motive power. Probably the greatest distance 
that motive power was ever carried was by a com- 
bination of jointed rods, similar to that at Niagara. 
These were used to connect a series of pumps with the 



TRANSUISSIOX OF MOTIVE POWER. 



61 



iTBier-whoels wliich drove tliem, nt the celebrated water- 

|pork« of Miirli, near Paris, in France. Eighty-two of 

se pumps were placed more than three hundred feet 

re the power which drove them, and Jiaf/a mile av:ay. 

B sound of these roda working was like that of a nuin- 

ler of teams loaded with bars of iron running down Iiill, 

with axles never greased, and it was estimated tliat 95 

; p er cent, of the power was wasted in communicating 

^botion to the machinery. 

^H There are some motors that admit of transportation 
j^Tfroni the place where they are generated, and then trans- 
mit their power to the machinery in the situation in 
which it is to he used. These are water, steam, and, to 
n limited extent as yet, compressed air. The situation 
in which water powers are most generally found being in 
iow ravines, precludes its transportation through tubes 
r conduits to the placea where the power could be most 
dvantageously used, except in very rare cases. From 
be nature of the fluid, the place to which it is carried 
[Bust be still lower, or at all events no higher than the 
llace where the power is found. And then it is so dense 
bd »o heavy, and resists any great acceleration of motion 
) eifectually, that large aud strong tubes are necessary 
) conduct it in quantity sufficient to yield any great 
nount of motive power. And the expense of these 
ubcH, if nothing else should interfere, would set a limit 
) the distance to which water could be carried for the 
Bcre puriMJse of applying ita motive power to propelling 
iDachinery. 
The transportation of steam, in a like manner, is ob- 
!Ctionable, although the objections against this are dif- 
ferent. The elasticity of steam, and its great facility of 
notion when compressed, admit of a great amount of 
ower being transmitted through a comparatively small 
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tube, and this in any direction, without distinction, up 
or down. But the trouble in conducting steam in this 
manner is the constant tendency to waste by condensa- 
tion ; the effect of the absorption of heat by the pipes 
and their surroundings. This can be partially counter- 
acted by inclosing the pipes with felt or some other non- 
conducting covering; still, the waste from this source 
alone is so great that it prohibits the conduction of steam 
power in this manner, except through very limited dis- 
tances. 

The conduction of motive power through tubes by 
compressetJ. air has been often proposed, but this has been 
practically tested only to a very limited extent, and 
generally on a small scale. That this should be the case 
is rather singular, when we reflect that this medium 
has all the facilities for rapid transit through tubes 
that steam possesses, and nearly in the same perfec- 
tion; while, on the other hand, it is free from the 
objections inseparable from the transportation of either 
steam or water. It is not subject to waste by conden- 
sation, like steam, neither is it affected by frost, like 
water. 

The protection of such conduit pipes for water, as we 
are considering against frost, in all cold climates, would 
nearly equal the cost of their construction ; and without 
surh pn)tection they would be rendered inoperative in 
cold weather, and the tubes ruptured and ruined. 

Air is not affooted to any material extent by- the ordi- 
nary changes of tennxn-ature, and the principal reason 
why it has not been more used in a condensed state, for 
the transmission of motive power, is the mechanical dif- 
luuilty of oonfuiiug and working it in the condensing 
maohinory and that bv which the power is given out at 
tlio place to which it is transported. The reason is, that 
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it U a fluid BO ethereal, and possessing aucli a fjicility 
for rapid escape througli a small crevice, when strongly 
oondensefl, that it requires the working machinery to be 
Hindu and maintained in the most perfect manner, to 
confine and compress it economically. Yet this tendency 
to riipid transit through n, small issue, which roquirea 
Buch care in the adjustment and packing of the machinery 
to work it, is the very property that renders it so valu- 
able a medium for the transmission of motive force ; and 
the aspect of tliis whole problem is changed when we 
consider the facility with which the pressure of mifei- ia 
transferred to air, and that of the air transferred back 
again to tcaler. The combination this suggests, of com- 
pressing air through the medium of water, where the 
power occurs, and transmitting the pressure back again 
to water, where the power is to be used, employing the 
air only as the medium of tranaraission, dissipates tlie 
difficulties which pertain to eittier fluid when used sin- 
ly, and utilizes the valuable propertiea of both when 

us combined. 

We were brought to adopt the combination indicated, 
as the best means of transmitting water power, not by 
philosophical researeh, but by an iiccideutiil train of cir- 
cumstances ; and as a detailed account of these will help 
to illustrate the subject, we sliall try to give it. We 
owned a mill, where the quantity of water was small, but 
the fall was high; and we spared neitlier time nor money 
in oar efforts to utilize the whole power. When a very 
dry time occurred, the power was still insufficient for the 
work and bad to be supplemented by steam, an ordinary 
ten-hor»c stationary engine. This engine, more particu- 
larly the boiler and furnace, was not of good construo- 
lioii, and yielded a poor return for the wood and attend- 
I result we ascribed to the disadvantageous appli- 
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cation of the steam through the cylinder and piston, the 
crank and fly-wheel ; the latter appendage being exceed- 
ingly heavy and cumbersome, and we set to work to 
invent a steam engine that would produce a rotatory 
motion direct from the steam, and dispense with all these 
and their unavoidable friction. We were aware of the 
defects of the reaction rotary mentioned in the chapter 
on " Reaction," for we had seen that tried, but were not 
aware that any one had ever made one to act by confined 
steam, on the principle we meditated. The result was, 
that we succeeded in perfecting tlie engine (a simpler 
one than any we have since seen or heard of), but were 
terribly chagrined when on looking up the means and 
forms to secure a patent for the invention, to find that it 
was an old device that had been repeatedly tried, and 
found comparatively worthless. 

This disappointment turned our experimentB in an- 
other direction. We had previous to this succeeded in 
ai)plying the force of water under a high pressure econo- 
mically, and were acquainted, by the various experiments 
made, with the rapid increase of power which a. small 
quantity of water could be made to jield, by increasing 
the pressure to which it was subjected. And we con- 
cluded to turn the full pressure of steam from a boiler 
direct u|3on the surface of water confined in a Btrong 
tank, and apply the water as it was forced through a 
pil>e from the bottom of the tank, to propel.the machinery. 
After our plan was matui*ed, and arrangements made for 
carrying out the design, subsequent business affairs in- 
tervened, so that we did not proceed with the alterations ; 
but we have never had any doubt that the arrangement* 
can be carried out to work satisfactorily and give a 
result. 

The following description and plan will give an id^ 
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f the niRciiinery inlended to be used, as sliown in Fip. 
Bl. The tank is double, that is, twice as long iia it in 
pride, and divided througb the middle by a partition. A 




■, of ii bore sufticient to yans the inteuded quantity 

■^ater I'reely, is put up from the bottom, alongside of 

■ » partition, nt the middle. This tube coniiiiLiiiicatcs 



72 TRANSMISSION OF MOTIVE POWER. 

with the two interiors at the bottom, by a valve in each 
side opening inwards, and its upper end passes through 
the top of the tanks. It will be seen by reviewing this 
arrangement, that a pressure inside of one tank would 
open the valve at that side, and close the valve at the 
further side of the upright connecting tube, and the con- 
tents of that tank would be forced up the centre tube. 
Wlien one tank is emptied, and the pressure let in to the 
other, the play of the valves is reversed, and the contents 
of the second tank are forced up the centre tube, as before. 

The motive power is obtained by placing a rotary 
reaction engine, like that described in the chapter on 
** Action and Reaction" in this work, upon the top of the 
upright centre tube, and forcing the water through that 
engine. A wide rim is placed on edge around and 
encircling the discharging arms, and covered to the cen- 
tre shaft, thus forming a tight case to intercept the water, 
the top of the tank forming the bottom of the case. A 
valve opening downward in each side of the case allows 
the intercepted water to run down into the exhausted 
tank through its valve, while the valve in the top of the 
working tank is closed by the internal pressure. 

The steam, or compressed air (it may be used with 
either), is admitted into each tank alternately, by a 
crotched pipe, a branch of which communicates with 
the interior of each tank, through an opening in the top, 
each opening being covered with a valve opening up- 
ward. These valves are attached by a short stem to 
the middle of the same lever, that controls the other two 
valves through which the water is returned from the 
wheel-case into the tanks. One end of these levers is 
atti\clied to the inside corner of each tank by a joint, as 
shown in tlie figure; the other ends are cimnected by a 
small balance beam, to iuv^ure the two sets of valves 
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Fe^-ersing at the ^aiiie inslnnt. A loose lloating follower 
is attached to the end of eacli valve lever by a rope of 
lucb a length that the weight of the follower in the 
imptied tank will assist the buoyancy of the follower in 
e full tank to shift the valves. 

To Bet the machine in motion, one tank must be 
lied with water, the other empty to the top of the 
'alve in the connecting tube; the steam is then let into 
e to[j of the full tank, its pressure closes the valve, 
hicli was already pnrtially closed by the float, and, 
aving no other means of escape, it presses down the 
float and forcea the water up the tube and through the 
wheel. Here it ia collected in the wheel-case and runs 
hrougli the open valve into the empty tank; when the 
roter is t-ettled down to the top of the valve iu the 
eutral tube, a rush of steam passes througli with the 
rater, filling the wheel-ciise and the space above the 
loat in the other tank, which is now full of water. 
Phe steam escapes in this way so rapidly that the iu- 
erior pressure is speedily reduced, and at the same 
Dstant turns the steam into the other tank, and the 
rhole procesa is repeated from the opposite side. Thus 
be same water is alternately forced from one tank and 
ollected in the other, and requires only a very slight 
dditiou to the quantity to supply the waste by evapo- 
Rtion. 

This is a cheap and simple method of obtaining the 
luitive power from steam. It is also economical, especi- 
lly after the water has become heated by repeated use. 
le quiintity of water wasted by evaporation increases 
ith the heat, and as the water approaclies the boiling 
>int, the condensation in the wheel-case is not suf!i- 
jntly rapid, and it requires an escape pipe in the top 
tlie case fur the e.vhaust steam. 
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Those who are familiar with the various applications 
of steam, will perceive that this machine works upon 
the same principle as Savery's double engine, w^hich was 
invented and used for forcing water up out of the mines 
in England. A good description and history of this 
celebrated engine is given in " Ewbank's Hydraulics and 
Mechanics." 

A number of years after studying out the plan we 
have given the details of for transmitting motive power 
by applying the pressure of steam, our attention was 
again drawn to the subject, but in the interval a new 
idea had occurred to our mind. There are numerous 
waterfalls in many parts of the country, one in particu- 
lar, the " High Falls" on the Chateaugay River, quite 
near the village, which being the outlet of the Chateau- 
gay Lakes, might be made to yield a power of several 
hundred horses. It occurs, however, in a deep ravine, 
which is almost inaccessible, and we were next led to 
consider the feasibility of erecting a powerful water 
wheel at those falls, and by means of a large force pump, 
driven by that wheel, to compress air into an air vessel, 
and convey the air thus compressed to the village, to 
supply the motive pressure for these engines instead of 
steam. 

The rapidity with which compressed air traverses 
through a tube would enable one of a comparatively 
small diameter to transmit all the pressure required to 
drive the machinery we contemplated erecting at the 
time, but the expense of such a tube of suitable material, 
with that of the water-wheel and other condensing 
machinery, was beyond our limited resources, and so we 
banished the subject as visionary ; and the reader would 
not now bo troubled with this part of the subject, had 
nut the " Scientific American" taken it up. But the 
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ict of. this means of transmitting aud transporting 

ve power being sanctioned and indorsed by eucli an 

uthority, gives us reason to hope that we may yet see 

his our favorite devii-e brought into extensive openir 

<n. 

In Vol. ]!>» No, 13 of the ScieBtiGc American, page 

given an aljstract of au article from the Bidktm 

7, wiiureiu M. Lcloup discusses the subject in an 

teresting and comprehensive manner; nieo an en- 

'flving and description of the apparatus by which M. 

lonp proposes to compress and transmit the air by the 

medium of water. It will be seen by a reference to that 

engraving and description, that he propo.se9 to work t!ie 

compressing machinery in contact with water, as we 

intended ; thus obviating the necessity of any great de- 

of accurncy of workmanship or 6nish, except in 

sming the pistun and fitting ita pocking box, iiud the 

ecesHary valves. The cylinder does not require to be 

ored, all that is required of it and the otiier containing 

artH, being sufficient capacity, strength, and tightness, 

ike the tanks, &c. at the other end of the tube for giving 

at the power. 

It is strange that a means so obvious of obtaining a 
beap and reliable motive power should have been so 
pig neglected, especially in localities where great water 
owers occur; and that two persons so differently situated 
bould both be impressed with the utility of this device 
t the same time is a singular coincidence, One, a learned 
:/t, exploring the regions of science and philosophy, 
id deducing new theories therefrom, the other an huni- 
|e self-cdiicated mechanic, seeking only to lessen the ex- 
!n«e of driving Ins mill machinery, in order to reconcile 
ivenue and expenditure. The only diflerence between 
J in tracing the problem to a solution appears to be, 
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that the aavan hegnn at the fountain head and followed 
the current, while we began at the other end, and had 
to work up stream. 

Another correspondent, signing "A.** in Vol. 19, No. 
14, Scientific AmericaUj suggests the use of the trombe 
or water bellows, as a means of compressing air for the 
generation and transmission of motive power. This ma- 
chine only collects and compresses the air within the 
receiver by dragging a portion of the surrounding atmos- 
phere along with a swift descending column of water, 
and is only available as a ventilator, or by urging the 
force of a draught to assist combustion, like a fan blower. 
It could not be made to yield more than one, or at the 
utmost, two per cent, of the power of the column of water 
by which it is generated, and is therefore not adapted 
to the purpose under consideration ; but the same column 
of water, applied directly to compress the air within the 
chamber, instead of M. Leloup's piston, on the principle 
of the " Hydraulic Rarrij^ would probably be the very 
best arrangement that could be made to effect the neces- 
sary compression of air, by the power of water. All the 
alteration which the ordinary ram for raising water would 
require to transform it into such an air compressing 
machine, would be to remove the ascending pipe from 
the water in the bottom of the condensing reservoir, to 
the air in the top of it, when the pipe, instead of ele- 
vating a certain amount of water at each stroke or pul- 
sation, would transmit an equal quantity of compressed 
air, and a valve opening inward to admit a fresh supply 
of air at each respiration. 

Such a ram would be preferable to M. Leloup's appa- 
ratus, for several reasons. It would dispense with the 
water-wheel, cylinder, and piston, and their connecting 
machinery; and this greater simplicity would lessen the 
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ipciise, and also eiift!)le the siinie coliinm of water to 

nsmit a greater proportion of its power tu tlie cum- 

jressed air, than if applied tlinnigh the medium of tuch 

iiittTveiiing machinery; and hi»t, though nut K-iist, it 

would dispense with tlie cost of a person to attend the 

achinery, because the water ram, as perfected by 

itgolfier, and now so extensively used, is wholly self- 

)g, and continues to operate night and day, summer 

and winter, like the circulation in a living animal, until 

interrupted by some casualty or extraneoua force. 

We know the opinion is general that the principle of 
le water ram can only be applied on a small scale, but 
Rtift ie an error, caused by the fiictthat while f^mall rams 
raising water for household purposes are so common, the 
principle is never seen applied on a large scale. 

It in just as applicable on a large as on a small scale, 

the only limit in that direction being the strength of the 

materials of which the confining tubes and reservoir are 

^raom posed. 

BT TnB text-books on natural philosophy treat of water 
tinder the three different heads of hydrostatics, hydrau- 
lics, and hydro-dynamics. The first treats of water in a 
iiteof rest; the second of the principles and peculiarities 
f water in motion ; and the last, being the branch which 
leals of the adaptation and application of water to ma- 
llinery, is that with which the millwright is more par- 
fcularly interested. Although this last division of the 
bbjcct may be the most interesting to the millwright, it 
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is important that the principles which govern the dead 
pressure of water, and its flow through confining channels 
under different circumstances, should be equally well 
understood. The books referred to are so common, and 
treat these subjects so full and familiarly, that it would 
be a needless waste of time to reproduce their explana- 
tions and illustrations here ; and we shall only notice a 
few of the most important peculiarities of water under 
these different conditions. 

Water, like every other fluid, has a constant tendency 
to rush toward the centre of the earth. This is the natural 
effect of the power of gravitation, which exerts a constant 
force upon all bodies, whether solid or fluid, according 
to their bulk and density. The cohesion of the particles 
composing a solid body enables such bodies to lay sta- 
tionary and at rest in any situation where their centre 
of gravity or weight is supported ; but fluids, not pos- 
sessing such cohesion, and the particles of which Ihey are 
composed being perfectly mobile and free to act inde- 
pendently of each other, each particle takes its own most 
direct route towards the centre of gravitation ; and hence 
the necessity and difficulty of confining fluids within 
restricted limits, and their continual tendency to burst 
through or over such limits in any direction toward a 
lower level. It is this perfect mobility of the particles, 
and the independent freedom of each particle to obey its 
own impulse, that enable water to assume a perfectly 
level surface when confined by sufficient boundaries, and 
it is this peculiarity, acted upon by gravity, that gives it 
such velocity and impetus when it escapes through or 
over such boundary. 

This also accounts for the facility which water (in 
common with other fluids) possesses of pressing with 
equal force in all directions, at any particular point or 
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acpth below the surface, and explains liow it U tliiit "a 
qimtitity of water, however small, can be made to balnnce 
Riiotiier quantity however large." Tliis is ciilled in books 
•' The hydrostatic paradox ;" but it alwnj's appeared toua 
that the paradox was all in the form of the statement, and 
pot in the water at all ; because when wafer is thus situ. 
^i;d, as in two tanks, one large and the other small in 
pinmeter, lx)th interiors being connected by a tube at 
lie bottom, any one can understand at once how it is 
hat the water in the large tank stands at the same level 
( the water in the small one, or how the water in the 
ipoul of a teapot or kettle stands at the same level as 
iiat within the vet'sel itself, and it appears paradoxical, 
or rather impossible, that it should be otherwise. 

There are several peculiarities and conditions pertain- 
ing to wafer which are never mentioned in books, but, 
1 experience has taught us that some of these are both 
icful and interesting to millwrights, we will mention 
fcem here. 



Taking Levels. 
And first, the facility and accuracy of taking levels from 
• surface of still witter. We have often known men 
who were contemplating the building of a mill, or mill- 
dam, or canal, to go many miles to get a millwright 
to level the site, or to lend them a spirit level, and give 
em come instruction to enable them to level and de- 
n'tnine the amount of head that could be had, or the 
leight of dam, bank, or building. Now such levels can 
I taken from the nur/ace of still water more accurately 
ban by any spirit level, and by the following process: 
^iike two poles of sufiicient length to reach from the 
loni of tlie water to the height of the required line of 
el, nieatfure these poles or laths from the upper end 
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down to the length intended to stand (dxwe the water, 
and make a plain notch or mark upon both sticks at 
this point, by laying both together, to insure perfect 
equality of height. These may be marked in feet ahd 
inches, for convenience in showing, or in varying the 
line of level. Now point or sharpen the lower ends of 
the poles, and stick them down through the water into 
the earth at the bottom, until the notch marks are both 
at the level surface of the water, taking care to have 
them stand plumb, and in the right lines, and at a con- 
venient distance apart; then sight across the top of 
these two and set a third, and fourth, or any number 
required to run the line of level to the desired point, 
ranging the tops accurately by the first two ; and the 
tops of these poles will show a water level, so many feet 
above that of the water from which it is taken. 

If the poles are all measured from the top end, and 
marked, each one will show at a glance the relative 
height of the ground on which it stands, whether above 
or below that of the water. Another advantage in hav- 
ing them measured and marked, is that when running 
the line of level down stream, it can be dropped (lowered) 
to any of the marks below, whenever the height of poles 
becomes inconvenient, the number of feet dropped each 
time being noted, and counted in the final result. It 
will be easily seen that when the line becomes inconve- 
niently low, as in running it up stream, it may be raised 
in the same way, the amount of rise above the original 
line being accounted for. It is obvious, that by shifting 
the position of one or both of these poles in the water, 
the line of level may be run in any other direction, 
and equally so, that, as the poles from which the level 
is taken may be any number of feet apart, or as many 
rods, not exceeding the range of accurate vision, a more 
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Hbcact level is obtained in this way than can bo taken 
■^ an ordinary Kpirit level. 

■ Fittiiig down Sills tuider Water. 

■ It frequently happens tlmt sills have to be fitted down 
'io the bottom of the wutur, for (he erection of mills, flumes, 

dams, bridges^, and other structures, in situations where 
ibe water cannot be turned aside, or kept out without 
great expense for coffer-dams, pumping, &c. The follow- 
ing method of obtaining an exact outline or profile of 
the bottom in all such situations, we have practised for 
many years with invariable success: — 

The first requisite is a level surface on the water under 
which the sill is to be placed. To obtain this it is some- 
times necesfiiiry to obstruct (he surface current sufficiently 
_to back and deaden the water as fur as the sill extends ; 
tow fasten up a row of stakes along the intended bed of 
be sill, and nail a wide, thin board upon ed<re to these 
""stakes, the entire length, the lower edge at the sur- 
face of the water (water line). An exact outline of tlie 
bottom, or bed of the sill, is transferred to, and marked 
iipoa the board by the following process : Fix two 
pieces of wood in tlie form of a T square, the tongue-pieee 
^^eoger than the depth of water, and marked with feet and 
^^■cbes, like a ten-foot pole, the T head about two feet 
^^hg, and three or four inches wide, with a mortise 
through the middle in which the tongue-piece can slide 
freely up or down, and at the same time be kept plumb, 
^^Ince the T head on the edge of the board, and slip 
^^e tongue>piece down through the mortise to the bottom, 
^HnJ try the deptli along the whole bed, until the deepest 
!^^K)t 'm found. Here cut a notch or make a hole in the 
tongue at the surface of tiie water, to hold a pencil, and 
^Jel one man hold the T head with one hand, and the 
H 
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tongue with the other, moving both hands carefully 
along the board towards one end, feeling the bottom as he 
advances, while another man holds the pencil in the hole, 
marking all the rises and inequalities of the bottom upon 
the board, taking care to mark only when the tongue- 
piece touches the bottom. When thus marked to one end, 
commence again at the same low place, and mark to the 
other end ; and the outline of the bottom will be trans- 
ferred to the board, with the relative level of either end 
or any other part indicated by the distance of the pencil 
mark from the lower edge of the board, which is the 
water line or true level. 

The marked boards may now be taken down, and the 
portion above the pencil mark cut away, when the other 
portion left will be a pattern by which to fit the under 
side of a sill to the rock or bottom. It is sometimes 
better to take the pencil line some inches above the 
water line at the lowest part, and where the bottom is 
very uneven it is best to mark the sill by the pattern, 
so that only the slight inequalities will be cut out of 
the stick, which will not tifiect its strength, and where 
low spots in the bottom occur, short pieces should be 
spiked on to fill out the pattern. By this plan, such 
timbers can be fitted to a rock, or other bottom, under 
water, nearly as accurately as if dry, and with very little 
more expense. 

This method of scribing down a mud-sill under water, 
and the method of taking levels from water, as described 
in this chapter, are, as far as we are aware, our own 
inventions, but the following plan for 

Washing^ out a Mill*race or Foundation by Sluioing 

we learned fix)ni a friend, a returned Californian. 
We had seen several attempts made to wash out a race 
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or a foundation by water, mid had ont;e tried it, but all 
these iittemptH ended in confusion and vexation, for the 
reiiBon that they were all begun at the wrong end. That 
is, the water was shot down from a height above into 
the fuundiition, or upper end of the race, without any 
proper facility being provided for carrying away the 
gravel and email stones; the result was always the same, 
the water would excavate a deep hole where it struck, 
but only the soft loam and clay were melted and carried 
away by the water, the stones and sand remaining and 
blocking up the channel, and it was found cheaper and 
better to plough and scrape the earth out. But Mr. 
Whipple, the Californiitn alluded to, has shown us the 
principle of sluicing, which experience has proved to be 
the cheapest and best method of making such excavar 
lions. lie sluiced out a tail-race and wheel pit this win- 
ter (1869) in a hard gravel soil, in a very short time; 
he placed a sluice (by nailing three boards together, for- 
ming a. bottom and sides, and open at top) at the lowest 
end or discharge of the race, and ran the water down 
Ihc intended route, and through this first length of sluice 
into the river. He then commenced at the end of this 
length and loosened the earth with a pick or crowbar to 
the required depth and width, and the water, rushing 
down from the unbroken surfiwie above, swept the earth 
and stones down the spout into the main stream. When 
ptlius excavated to the proper distance, another length of 
■■sluice was added, a little straw stuffed under the end, 
and each side blocked up with stones to direct the water 
into the end, and another length loosened and sent 
through the sluice, as before. This process wns con- 
tinued until the race was completed, and the foundation 
for the wheel-houBe reached; and here the benefit of 
I ilr. Whipple's Californian experience was raore conspi- 
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cnous than in digging the race, because the depth of ex* 
cavation here was so great that the earth would^have had 
to be wheeled to get it out of the way, and this iis always 
a tedious process; but he sent all the earth and moderate 
sized stones down the sluice and river in an incredibly 
phort time ; by shifting the chute of water upon diflEerent 
parts, and loosening and throwing out the larger stones, 
thus giving the rest a proper facility of entering the 
sluice, it was swept down stream by the water, requiring 
only a little assistance with a hoe or shovel when large 
or flat stones would incline to stop and obstruct th6 
passage. 

. Any person who does not comprehend the assistance 
which such a sluice renders, to enable the water to carry 
away stones and gravel, may satisfy himself by try- 
ing to shovel or push such gravel and stones on top of 
their natural bed, and then try to shovel the same, or 
push them along in such a sluice; or let him try to shovel 
potatoes from the top of a bin, and then try shovelling 
them on a wooden floor. 

Care should be taken to place each length of sluice at 
the full and proper depth at first, and also to give each 
length an equal and sufficient fall to insure the requisite 
rapidity of current. By Mr, Whipple's experience, two 
inches of fall in one length of board, or twelve feet, will 
carry along stones the size of potatoes, or a man's fist, 
while three or four inches fall to each length will roll 
along stones as large as a man's head. Of course, a suffi- 
cient supply of water is necessary in all such operations. 

Pressure of Water. 

When water is confined in a tank or flume, it presses 
equally on every part of the interior of the bottom or 
sides, with a force proportioned to the height of the water. 
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M, a flume or tank, four feet sijuare, and filled with 
water one foot deep, will Bustain a presaure of 02i lbs., 
or 1000 ounces, the weight of a cubic foot of water, on 

ery superGcial foot of tlie bottom, or 4x4 = 16 feet x 

J=1000 lbs. altogether. But the pressure against all 
the four sides, which makes an equal area of 16 feet, 
will be only half that amount, viz., 3li lbs. per foot, or 
500 lbs. altogether; because that although the pressure 
,18 the same at the lower edge near the bottom as upon 
he bottom itself, yet that pressure diminishes upward 
to nothing at the surface of the water, and for that rea- 
son ihe presaure is intermediate, and juat half that upon 
an ec|ual area of the bottom. Now, suppose we let 
the fluine fill three feet deeper, making four feet of 
water, then the extra three feet are added to the other, 
and the pressure on the bottom will now be 4000 lbs. 
instead of 1000, and the whole additional three feet deep 
and 3000 lbs. pressure must be added to the former 500 
lbs. of lateral pressure, outward, against the lower foot 
deep of the side planking, thus making 3500 lbs. against 
tlie lower 16 superficial feet of side planking, while, as 
before, the pressure against the foot deep at the surface 
will only be the same 500 lbs. To find the amount of 
pressure against one whole side, the computation, as with 
one foot deep, must be taken at the middle. Thus the 
area of one side being now the same as that of the 
buttom, 10 superficial feet, the whole pressure of the 
water aijainst any of the sides will he just one-half of 
Ibat upon the bottom, or half the depth, 2x1000- 
2000 lbs. The pressure against the inside of a flume or 
penstock of any depth, and the whole weight of water 
contained in it, can be computed in the same way. 

If we fill this same flume up to 16 feet deep, instead 
:of 4 feet, the pressure and weight upon the bottom will 
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be four times as great, and the lateral pressure and strain 
will be increased in the same proportion. But we might 
deck the flume over with plank, at the surface of the 
four feet of water, and instead of filling the whole flume 
to 16 feet deep, insert a tube into the water through 
the deck, and reaching up to 16 feet, or any other height, 
and by filling this tube with water, the pressure on all 
parts of the interior of the flume, under the deck, will 
be the same as if the whole flume were filled to the 
height of the tube; and the velocity of the water issu- 
ing from any part of the flume will also be the Bame, if 
the tube be sufficiently large to furnish the quantity 
discharged, and be kept full. 

In this case the water in the flume will press upward 
on every part of the under surface of the deck with the 
same force that the column of water contained in the 
tube will press downward upon the water immediately 
under its lower end ; and if a hole be bored through 
the deck, and a tube of proper shape to direct the water 
be inserted in the hole, the water will be shot up as 
high as the surface of the water in the tube, except a 
slight reduction caused by the friction through the tube 
and the atmosphere. ' 

Circumstances frequently occur in the construction of 
mills, especially where the head of water is high, which 
render it necessary to construct the flume on this prin- 
ciple. Less strength is required in the framework, less 
weight thrown on the supporting timbers, and it may be 
placed under a floor comparatively low, and supplied by 
a tube at any angle, from the outside of the building. 
The above remark, that the frame of such a flume re- 
quires less strength than if carried up the full size and 
whole height, needs some explanation, as the pressure 
of the water upon every square inch or foot of the inte- 
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nor. i.t the same in both cases. But the area of surface 
within the decked flume and lube is less, and diminishes 
the whole strain on the framework in like proportion, and 
the timbers are Btronger in proportion as they are shorter. 
There is also an excessive strain on the interior of a 
^lose fiuine whon a gale is shut, which must be relieved 
By a ventilating tutw carried up from the deck to a auf- 
bcient height. 



Velocity of falling Water. 
When wafer is allowed to fall freely from any heiglit 
the ground, it obeys the same hxwt, and act^uires the 
;e velocity as a polid body of the same weight would 
'ftcquire in falling through an equal distance. This velo- 
city increases in a regular ratio, as the distance of the 
ill is increased, and is the Meore^tca^ velocity ascribed 
water issuing from a flume, or penstock, under the 
me head as that fall. The actual velocity of water 
issuing ttirough a hole cut in such a flume falls far short 
of that velocity, as has often been proved by experiment ; 
the actual velocity being to the theoretical as 10 is to IG. 
iut the full theoretical velocity ascribed to the water 
luing under any given head can be obtained, and even 
iceeded, by a proper construction of the spnut or chute 
llirough whicli the water issues; and ns this subject is 
if great importance to the millwright, we shall try to 
plain it here. 

Wlien such an orifice is opened in a Sume, the water 
•ushes toward the outlet from every part of the interior ; 
lere the different currents all meet, a:id their opposing 
rce« mutually obstruct and impede each other in their 
irogresa toward the outlet, and thus diminish the velocity 
(tie column of water as it enters the orifice. But in 
lassing out through the orifice, these opposing currents 
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are equally balanced ; and being thus united and the 
Bum of all their forces tending in the same direction, th6 
velocity of the issuing column is increased, and in conse- 
quence of this increase of velocity, its diameter is dimin« 
ished; and it is found by measuring the discharging 
column, that its diameter at the smallest part is to the 
diameter of the orifice as 10 is to 15 or 16, accordingly as 
the edge of the orifice is thicker or thinner. By attach- 
ing a short tube, of the same bore, to the orifice, the 
effect of the opposing currents inside is partially coun- 
teracted, and the discharge through the tube will be as 
13 to 16 of the theoretical velocity ; but by widening out 
the end of the tube next the interior, to the shape of the 
column issuing from the hole, the full theoretical velo- 
city of the water is obtained, which, as already intimatedy 
is equal to the velocity attained by a heavy. solid body 
falling freely through the distance from the surface of 
the water to the orifice. The conical part of the tube 
or spout should only extend half its diameter from the 
flume, which is the point of greatest contraction in the 
liquid column, and the area of the wide end should be to 
that of the narrow end as 16 to 10, like the issuing 
column. 

When we consider that the power obtained from 
water increases, not as the simple increase of velocity, 
but as the «5?m re of the velocity, and that, to double the 
velocity through any given spout yields e^/i/ times the 
former amount of power, the importance of this subject 
will be seen at once. To explain this, it is necessary to 
consider that the double velocity gives 2x 2=»4 times the 
power from the same quantity of water, but a double 
velocity passes through a double quantity in the same 
time, therefore it must be doubled again, which 
4x2«8 times the power. 
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To make this plainer, suppose a water wlieel is only 
capiible of driving a part of tlie required ninchiiicrj, and 
more power muat be added; if we can by rftiaiiiy the 
head, or otiierwise, impart a double velocity to llie water 
poissing through the same chute, eight timea the former 
twer will be imparted to the wheel ; and this, if all the 
ris be strong enough, will drive more miiehinery than 
fccven other wheels were added, and each supplied 
with an equal quantity of water, and at the same velo- 
city as the firfit. Here, we see, that by doubling the 
velocity of the water, only twice the former quantity is 
Used to impart eight times the power, while it would 
require eight times the quantity of water at the original 
velocity to obtain the same result; and when we take 
into account the extra expen(*e, room, and fnctiun which 
the latter arrangement of eight separate wheels would 
involve, we can appreciate the importance of increasing 
the velocity of the water applied to any water wheel or 
turbine; and the importance of forming all chutes and 
delivering issues, eo as to a^si.«t instead of retarding the 
required velocity. See remarks on this subject in the 
apter on Central Discharge Wlieela. 

Tables. 

We subjoin a few Tables which will be useful in esti- 

nating the [jowers of water, under different circum- 

•tanceo, and in making the necessary calculations to adapt 

he (wwer and machinery to the intended purpose. As 

L millwright cannot be expected either to commit llieso 

ibles to memory, or to have them always at liand, the 

Allowing short rules, which are easily remembered, will 

! found convenient, and sufficiently accurate for prac- 

«1 purposes: — 

1. To 6nd ihe velocity of water under any given head. 
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Rule. — Multiply the square root of the head in feet, 
from the middle of the gate to the surface of the water, 
by 8, and the product is the velocity in feet, per second. 

Examples. 

Ex. 1. — Required the theoretical velocity of water, 
under 16 feet head? 

Ana. — Square root of 16-«4*x 8-«32, the velocity in 
feet per second. 

Ex. 2. — Required the theoretical velocity of water, 
under 25 feet head ? 

Arts. — Square root of 25=5*x8«»40, the velocity in 
feet per second. 

\Ex. 3. — Required the theoretical velocity of water, 
under 4 9 feet head ? 

Ans. — Square root of 49— 7^x8=«56, the velocity of 
feet per second. 

2. To find the quantity of water discharged. 

Rule. — Multiply the area of the gate in feet, by the 
square root of the depth in feet, and that product by 
5y^, the product is the quantity in cubic feet, per se- 
cond. 

Examples. 

Ex. 1. — Required the quantity of water that will pass 
per second through a gate 2 feet square, under 9 feet 
head ? 

Alls, — Area of gate 2x2=4. Square root of 9—3* 
4x3=12x5jV=61^^ cubic feet. 

Ex. 2. — Required the quantity discharged per second 
through a gate of 2 feet superficial area, under 25 feet 
head ? 

Ans, — Area of gate 2. Square rootof 25— 5*x2— lOx 
5rSr=*51 cubic feet. 
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Heasuring a Stream of Water. 

The following table gives the number of cubic feet of 
water passing over a wier per minute, for every inch in 
length of wier, from 1 inch up to 18 inches deep. 

Rule. — Multiply the number corresponding with the 
depth, by the number of inches in length of the wier, 
which gives the number of feet passing per minute. 
Then multiply the number of feet by 62 J, and that pro- 
duct by the head in feet, and divide by 33,000, which 
will give the horse power. 

Table of Quantity of Water passing over a Wier from 1 to 18 inches 

deep. 

No. of cable feet No. of cable feet 

• 

No. of pasaing per lach No. of paasiog per Inch 

inches deep. In length. IneheA deep. in length. 

1 0,403 10 12,184 

2 1,140 _ 11 14,404 

8 2,095 ^12 16,768 

4 3,225 13 18,895 

5 4,50T 14 21,170 

6 5,917 15 .... . 28,419 

7 7,466 16 25,800 

8 9,122 17 28,250 

9 10,882 18 80,706 

Example. 

1. Required the power of the water passing over a 
wier 10 inches deep and 36 inches long, with 24 feet 
head or fall? 
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12,7*84 cubic feet passes over 1 ioch wide. 
36 length of wier. 



16704 
38352 



460,224 

62^ lbs. weight of water in cable foot. 



920448 
2761344 
230112 



28764,000 

24 head in feet 



115056000 
57528000 



d3000)690336,000(20,919^x horse power. — Ant 



66000 



303360 
297000 



63600 
83000 

806000 
297000 

9000 
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CHAPTER V. 

WATER WHEELS— THE UNDERSHOT. 

The undershot wheel, Fig. 22, the first and oldeS 
method of obtaining a motive power from water, is now 
seldom need in the United States, being mostly BUpe^ 



Fig, aa. 




Beded by others, more convenient for gearing machinerj 
and occupying less room. It therefore requires but, 
brief notice liere. 

It is simply a horizontal shaft, wilh arm^ nttachi 
projecting to a length proportioned to the iiiteui 
diameter of the wheel ; float boards are fastened fiei 
the ends of these arms, parallel with the i-hiift, wliich in 
phvced across the issuing stream, into which theise float 
boards dip, and are curried round by h^ force. 
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T number of float boards are required than tberc 

I, rims com[josed of felloes, are placed around tlio 

ends of the arms into which starts are framed, and 

le floats are attached to these starts. Care must be 

(ken to form the water-waj' so that tlie floats will just 

i(U8 tlirougli clear, without allowing the water to waste, 

and also to allow the water to pass away freely when it 

has apent its force upon the float; and also to place the 

loats sufficiently close to each other to prevent the 

■ater passing between without spending its force, and 

lOt close enough to cause the water striking against the 

;k of one float to recoil back upon the front of the one 

(bind it. 

The paddle wheel of a steamboat is a sample of an 
indershot of very large diamt-ter; the flutter wheel, so 
immon in old saw-mills, will represent a small one. 
The power of this wheel depends upon the quantity 
,d velocity of the water acting upon its floats, and as 
M> many otlier wheels come under the same rules, we 
would refer the reader to the table in the preceding chap- 
iter, for the velocity due to any particular head or fall, and 
to the same tables fur the quantity p.issing through 
given aperture; merely explaining here that the 
inillwright must be particular to proportion the diame- 
ter of the wheel and the gearing to ilie velocity of the 
water due to the particular head, as found in the table, 
good judgment is required to obtain the best 
ult, as under some circumstances the wheel may 
love with two-thirds of the velocity of the water, 
lile in others it should only move at one-third of that 
tlocily. Suppose it is a largo undershot, where 
jderable gearing is required to connect it with tlie 
irk, .IS in a grist mill, then the wheel should be 
to move at about one-third the velocity of the 
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water ; but when a wheel of small diameter is used, like 
the saw mill flutter wheel, with the crank oh the .same 
shaft, dispensing with gearing, then the wheel may 
move with two-thirds the velocity of the water, and it 
will work more steadily and give a better result. 

To understand this better, suppose the wheel to be 
geared to a grain elevator ; hoist the gate, and let on the 
water, with the elevating buckets all empty. The 
buckets will move up with great speed, and the floats of 
the wheel will travel nearly as fast as the water, but no 
grain will be carried up. Now stop the machine, and 
fill grain into all the ascending buckets until it exactly 
balances the power of the water, and it will stand still 
with the water all on, but no grain is elevated. These 
are the two extremes, and the best result lies somewhere 
between. Now take out half of the grain from each 
bucket, and try it again ; the cups or buckets, and the 
wheel will move at about half of their velocity when 
empty, and continue to carry that half load at that half 
speed ; put less grain in each cup and they will travel 
faster with the lighter load ; put in more, and they will 
travel slower, with a heavier load. Try the machine with 
different loads and velocities, until you find the rate 
at which it will carry the greatest quantity in a given 
time, and then you have the right speed to work it at. 
These conditions apply equally to any other kind of 
wheel, and all other kinds of machinery. 

No invariable rule can be given. Old millwrights, who 
have experimented much on this kind of wheel, as they 
were much used in their time, differ widely in their con- 
clusions, and present experience shows that the maxi. 
mum velocity for working them still maintains as wide 
a range as their various theories gave it, that is, from 
one-third to two-thirds of the velocity of the water. 
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.8 grent n difference obta,in8 with regard to the^wer 
thece wlieelf, some experiments making them capable 
raiMing one-lliird of tiie qunntity of water expended 
on them, to the same height, wliile others make the 
cjuantity only jV*^^' *"" *^'^" one-eiglith. This is a 
natural consequence of the great variety of circumstances 
and eituations in which they are placed, and the diver- 
tity of opinion among millwrights themselves. 

There are many situations where this wheel may still 
be used to advantage, and be preferable to any other. 
Where there is a large quantity of water, and little heud 
or fall, a given amount of power can be obtained from 
im undershot eaaier and chea|}er perhaps than by any 
other wheel. B^ using large float-boards, a great quan- 
tity of water may be applied to give the power required, 
without the expense of erecting high dams or expensive 
lumes and water«waja required for other kinds of 
beels, the quantity used making up for the low head 
and little velocity obtained. 

We remember seeing a wheel of this kind about forty 
jears ago, at Lachine, on the island of Montreal. The 
priests and nuns of the Seminary owned all the island. 
and oil Wiiter-power connected with it (hy a grant from 
the French Crown, before the treaty ceding Canada to 
Great Britain was signed), and the mills were mostly 
driven by wind. This element is proverbially unstable, 
and the mills driven by it partook of the same charitc- 
terif'tic. But a cunning cannie Scotchman built a mill 
at llic Lachine Rapids on the St. Lawrence River, that 
was to be more reliable. The priests being inexorable 
in ihfir monopoly of the water-power, Mr. G. built his 
mill ostensibly for horse-power, but did not run it lonj: 
in that style. It stood asclose as compatible -with safety, 
the Rapid, and Mr. G. placed a large undershot, or 
7 
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flood-wheel out in the current, taking care to have it 
beyond the low-water mark; this wheel he connected with 
the mill machinery by a long shaft and coupling irons. 
To start the mill, the clutches of the couplings were 
thrown in gear, and to stop it they were thrown out 
again ; the water-wheel revolved continually, night and 
day, summer and winter, without intermission. Its mo- 
tion was so constant and uninterrupted that the French 
Canadians made it a by-word or adage; any person who 
talked continually, to the annoyance of others, they say 
their tongue was can^me le Moulin Lachine (like Lachine 
Mill), that never stops. The Seignors prosecuted Mr. 
G., and a long lawsuit was the result, which ended in 
Mr. G.'s favor. 

There are many situations where such rapids occur, 
and where the stream is large, and other circumstances fa- 
vorable, quite an amount of machinery might be driven. 
We never erected such a machine in a rapid, but have 
frequently driven light machinery on the rapids of com- 
paratively small rivers, by a kind of screw-propeller, 
resembling a large grain-conveyer, laid lengthwise in 
the stream. This revolves more rapidly than the un- 
dershot, and the required speed can be obtained with less 
gearing. The speedier motion also admits of using this 
kind where the current is less rapid than the undershot 
will admit of, by lengthening the shaft — to the length of 
a mast, if you like— and adding more oblique screw-pad- 
dles, the power can be multiplied to a great extent. 
We have seen a grist mill of three run of stones driven 
by such a wheel, in the Genesee River, somewhere be- 
tween Rochester and the Alleghanies. This was before 
the Genesee Valley Canal was made, and the river 
]x)ats passed up and down through the rapid in which 
t his screw-wheel was submerged. But this is a digreBsion, 
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,nd tlieBe wheeU will be described under the name of 
Spiral or Screw Flood Wheels. 

The great objection to using the undershot in a cold 
climnte, is the trouble and expense of keeping it clear 
tif iie. Tbia applies equiilly to the overshot, and re- 
quires that it should be inclosed in a tight wheel-bouse 
which is heated by fire, steam, or sraoke, A common 
and convenient way is to have a small steam boiler 
fitted into the top of the mill stove, from which a pipe 
ryns to the bottom of the wheel, and discharges the 
pteam there ; the steam will ascend about the wheel when 
it IB idle, and circulate with it when in motion, and if 
the wbeel-bouse is close, will keep it free from ice. This 
plan has the objection of keeping the roof and whole 
interior of the wheel-house wet with condensed steam, 
which causes it to rot. 

In the northern portions of the United States and the 
adjoining provinces, a stove or fireplace is placed in or 
Dear the wheel-house, discharging the smoke and fire 
into the wheel, which circulates it by its motion, like the 
Bteum in the other case. This is preferable to the steam, 

lut roquii'ea that the wheel-house sliould be separated 
im the mill by a tight wall, that the workmen may 
not be annoyed by the smoke. It is not essential that 
the wheel-house be perfectly tight in this case, because the 
amoke and hot air carried in with it do not condense like 
and while the supply is kept up smoke will be 
n issuing from every crevice, effectually preventing 
the entrance of cold air. But steam condenses so rapidly 
that there is nothing to ooze out through the cracks, 
which, as well as the tail race, must be tightly closed. 
The Bteam supplied by the mill stove has the advantage 
that il ia sure to he well fired up in cold weather, while 
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the wheel-house stove or fumtice is liable to be neglected 
in a busy time. 

The undershot wheel may be geared to machinery, 
either by placing cast-iron cogged segments around the 
wheel itself, or by extending the main shaft to a suitable 
length, and placing another wheel on the end upon 
which to place the gearing, and driving another shaft 
from this by a pinion. See directions for gearing the 
overshot. 
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The overshot is the most powerful of all water wheels, 
when tested by the power yielded from the same quan- 
tity of water ; and this will apply to every height of fall, 
whether high or low, where the overshot can be tised. 
An idea is very prevalent among millwrights and mill 
owners, that the overshot is not suitable for a moderate 
fall, which idea only requires testing to show it to be 
erroneous. Mills may be Feen in many parts of the 
country, driven by various kinds of wheels, and working 
on a short allowance of water, which might have enough 
and to spare, if these wheels were used. Many of the 
most intelligent millwrights are aware of this fact, but 
almost every millwright of note is either a patentee, or 
in some way interested in the manufacture or sale of 
some other kind of wheel, which he recommends. A 
few of these are excellent wheels, and give results nea.rly 
approaching the overshot ; while a greater number bear 
a closer affinity to the undershot. 
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The superior power given by the overshot ia due la 
part, to the more economical application of the water. 



Fig. 23. 
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every particle of which ia applied to the best advantage 
for moving the wheel, while with others, there is more 
or le88 wajiile by leakage and friction ; but it is princi- 
pally due to the fact Ibat the water acts by its gravity 
during its wlmle descent npon tlie wheel, while it is 
only by its acquired velocity that it is made to act on 
otlier wheels. This velocity is found in practice to fall 
far short of that ascribed ft> it by theory. This, willi 
the great diffi<;ulty of applying and arresting the wliole 
acquired velocity of the water, accounts for the differ- 
ence. A well-constructed overshot will raise nearly as 
much water as is applied to it, to the same height as the 
fall, prtivided the fall be reckoned from the point where 
tlie water enters the buckets to the point wbere it spills 
out of them, while some other wheels will only raise ouf- 
stxlh or even one-eigblh of tliat quantity. A difference 
of opinion exiHts among millwrights as to the prnportion 
the height of the wheel should bear to that of the fall, 
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some contending that the wheel ought to be higher than 
the fall, and others, that it ought to be lower. A 
favorite idea with the former is, that the wheel should 
be so much higher, that the water may be applied one- 
third down from the top, or at 10 o'clock on a dial plate. 
This, however plausible it may appear in theory, is not 
found to hold good in practice, because the increased size 
of the wheel which this requires makes it of a larger cir- 
cle, which causes it to spill the water higher, and wastes 
more of the effect of the fall than the smaller wheel. 
Besides, the water on entering the buckets requires some 
time to settle before it bears its full weight upon the wheel, 
and when shot in at the top it has time to subside while 
passing nearly horizontal, and is ready to exert its whole 
force when the descent commences ; whereas, when let 
on at the point corresponding with ten on the dial, the 
descent being already abrupt, a slight loss of power 
occurs while the water is subsiding. Add to thes?e con- 
siderations the extra cost, weight, and room required for 
the large wheel, and the fact that it requires more 
gearing, as its revolutions are slower, and the odds will 
be in favor of the smaller wheel. 

There appear to be only two considerations that would 
justify making the wheel lower than the fall; one is, 
where there is more fall and water than is required for 
the work intended — and the other, where the fall is so 
high that the wheel would be too large to be convenient 
and durable. It is therefore recommended that where 
the fall is permanent, the wheel be made only so much 
lower than the fall as to admit of shooting the water 
properly into the buckets, which will be considered in 
treating of the velocity at which an overshot ought to 
move. But where the fall is variable, with a pond to 
draw upon, then the wheel should be low enough to get 
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the benefit of the pond for gathering water. If care be 
tftkea to shoot the water properly into the buckets, the 
head above the wheel is not lost, hut acts upon the 
wheel the same as upon the best constructed undershot, 
and every two feet of that head will produce an effect 
about equal to one foot in height of the wheel. 

There is considerable difference of opinion among 
millwrights ni^ to the rate at which an overshot ought 
to move. A favorite speed with many old millwrights 
is three feet per second. This would appear to be too 
Blow under any circumstances; it causes too much gear- 
ing to intervene between the wheel and the work, and 
too much water to be loaded upon the wlieel, thus pro- 
ducing a needless extra strain and friction upon every 
cog and journal. If the same wheel were geared to 
move at six feet per second, instead of three, only one- 
half of the gearing would be required to give the ma- 
cliinery the same speed, and the wheel would require 
but half the capacity for water, while all the various 
parts would be lightened in the same proportion. 

This, it is evident, would produce the same effect 
with the same wattr, and the wheel would work much 
freer and with less strain and friction, there being only 
half the quantity of water in each bucket, with double 
the purchase on the machine driven. Thus, the same 
water wheel that drives a certain amount of machinery 
when moving at three feet per second, will drive double 
that amount when geared at eix feet per second, but 
requiring double the quantity of water to be discharged 
upon it, as each bucket remains only half the time under 
the stream; hence, the head over the wheel must be 
more in the latter ciisc, to give the water a velocity 
greater than the wheel, which in every case it ought to 
have, in order to shoot it properly into the buckets. 
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Many good millwrights err in this particular, and some 
even take the trouble to interpose an obstruction be- 
tween the flume and the wheel, to destroy the velocity 
of the water before it reaches the wheel, under the mis- 
taken idea that it thus produces more effect. In this 
case, the front of the bucket strikes with its flat surface 
against the stream, and carries it in a broken mass be- 
fore it for a considerable distance before it enters the 
buckets at all, thus not only losing a portion of the fall, 
but interposing an actual resistance to the motion of the 
wheel so long as the water lies against the front of the 
bucket. 

The principal argument in favor of running a w^heel 
so slow is, that by remaining so much longer under the 
stream the bucket has more time to fill j as an old mill- 
wright here expresses it, he " wants thirty yards of the 
stream on the wheel at once." This is a fallacy, as it 
cannot be done without interposing too much compli- 
cated and expensive clock-work between the wheel and 
the work. 

This misconception originates in the idea that the 
slower any body descends by the action of gravity the 
more force it exerts on any opposing obstruction. This 
also is a fallacy, as can be proven when the time occu- 
pied by the descent is taken into account, which it must 
always be to arrive at true conclusions. The fact is, 
that the action of gravity is not interrupted by motion 
at all, no matter what the velocity may be; a jet of 
water or a cannon ball projected from a precipice hori- 
zontally, over a level plane, will strike the ground at 
the same instant that water, or another ball, dropped 
perpendicularly from the same height, at the same time, 
will strike the ground. When this is understood and 
admitted it will be easy to see that there is no real loss 
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^bwer in running an overshot at consideraUe speed, 
excepting only the head of water necessary to obtain 
h velocity greater than that of the wheel. 

We built a large overshot, many years since, which 

I was geared to run nine feet per second, with a variable 

I bead from four feet downwards, which we have never 

I been able to beat since ; and would remark that the 

I larger the wheel the faster it may be run ; aud a very 

small diameter ought not to be run faster than four feet 

and a half per second. In every case the water should 

, get away freely from under these wheels. The mill- 

[ Wright, in making calculations for the construction of 

' these wheels, ehould consult the table of the velocity of 

water, and allow sufficient head above the wheel to give 

the water sufficient velocity over that of the wheel to 

insure ita free entrance into the buckets. 

Having considered the theory and principle of action 
of the overshot wheel, we will uow proceed to detail its 
mode of construction. 

Having taken all the levels from head-water to the 

! tail-race (for directions, see article on levelling), making 
due allowance for head over the wheel, and free discharge 
below, and decided on the diameter and size of the 
wheel, you will procure a sweep-rod a little over half 
tbe diameter of the wheel fur a radius; stick a soratch- 
awl through one end of this rod, aud into a clear floor 
of Buflieieut size; then measure off half the diameter of 
the wheel on the rod, from the first scratcli-awl, and 
insert another awl. Move this last round until you 
describe the outside circumference of tbe wheel upon 
tbe floor; then move the outside awl back on tbe rod 
to the width or depth of the rira, and describe another 
circle there. Step the outer circle and divide it into as 
I many parts as there are arms and felloes in the rims. 
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Then take a trae straight-edge of suflBcient length, or if 
that is not handy, a fine chalk-line will do, and draw a 
scratch from each of these divisions to the centre. This 
last mark will desicribe the centre of the arms. Place 
a thin board upon the rim draft, equally between two 
arms, and de9cribe the two rim circles upon it; now 
extend the scratch describinir the centre of the arms 
across this board, and the rim pattern will be marked 
out. Proceed to lay out the gains or notches for the 
buckets, on the pattern, before you remove it, because 
these must be laid out verv exactlv, in order that the 
part of the buckets divided by the joint at one end of 
the pattern may correspond exactly with the part at the 
other end. The starts or first part of the bucket, is laid 
by the radius from the centre. In laying out the shoul- 
der, or outer part, the millwright must use his own 
judgment^ as it must be varied according to the depth 
of the rims, distance apart of the buckets, and the quan- 
titv of water to be used, takin^r care to leave room for 
the free inlet and outlet of water; and at the same time 
bearing in mind, the greater the angle of the buckets 
the longer will thev retain the water at the bottom, and 
so work to better advantage. 

The pattern now requires the arms to be marked 
nix)n it : to do this extend a mark across each end of 
the pattern parallel to the centre mark of the arm, and 
half the thickness of the arm from that mark, as one- 
half of the rim pieces must be cut off by that mark, if 
the rims are to be double, to allow them to go in between 
the arms. The other half must be let\ of full length 
to meet half way between the arms. On these rims the 
anus require to be marked at the centre, and to laj 
these out you require the same mark upon the pattern. 
To get this, find the centre of the pattern, and draw a 
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from this to the centre of the wheel, the same 

J for the other arm markf, and mark the whole size of 
he arm by this centre mark, oiiehalf being on each 
ide of, and parallel to it. Now take up the pattern 
;nd work it off, and this will answer for laying out all 
lie rims for Uith sides of the wheel. For laying out 
me side of the bucket gains, tlie pattern must be marked 

I the other side — to transfer the marks, square across 
loth edges uf it at the marks, and bore a email brad-awl 

• gimlet through both the outer and inner corner of 
he angle — place the square from these holes to the 
cratches on the edge, and draw the marks required. 

There are several ways of putting these rims together; 
ome make the rims of single felloes: these are notclied 
the centre to go into a slit in the end of the arms, 
rhich are then bolted through; the ends of the felloes 
re drawn together by joint bolta ; these are round bolt^ 
rith a nut on each end, and are bored in like dowels 
rilh a mortise througli the side into tlie hole, for screw- 
on the nuta. When the ends are drawn tightly 
ogetber they are fastened by an iron clamp outside and 
DBide and bolted through. This is a common way of 
Baking the rims, but it is preferable to make them of 
wo tiers of plank, "the inner one say three inches thick, 
be outer two inches. Sink the gains for ihe buckets, 
iDd one at the centre for the arm, one inch deep, which 
[fill leave two inches of whole wood in the three inch 
, the notch for the arm being on the same side as 
be* uthers ; make a slit in the ends of the arms the depth 
f the rim, two inches wide, and two inches from the 
inter edge of the arm. Slip the notched part of the 
bick pieces down into these slits and bolt them, which 
rill complete the inside tier. Cut the ends off tlie two 
bell rims to the arm marks on the pattern, und put 
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them in between the arms, and they will just fill it out 
even, making it smooth outside. A portion of the arm 
will project inside, to which the opposite buckets must 
be fitted. These will break joints, and when well 
pinned and bolted together will be strong and durable. 
If a greater thickness of rim is desirable, to put on seg- 
ments or the like, another tier of any thickness may be 
put on the outside, breaking joints with the others, and 
of course adding to the strength. 

The rims thus made of two thicknesses will be of half 
strength at the weakest part, and if of three tiers there 
will be two-thirds whole wood at the joinings. It is of 
importance in making large wheels to have them strong, 
without useless weight in any part, and free from weak 
points. When the rims are made of a single felloe, 
fastened with iron as described, the joints are all weak 
points, and when the wheel is in motion there is a great 
and continually changing strain upon these points; when 
the joint is below, the whole weight of the wheel and 
water is pressing it together ; but when it is at the top 
the same strain is drawing it apart; and as this re- 
ciprocating strain is constantly acting upon the joints 
while the wheel is in motion, it is apt to work some of 
the iron fastenings loose, in the course of time; and when 
a wheel begins to work at the joints it soon goes to de- 
struction. Single rims are sufficient for a wheel of small 
diameter, as the arms being short are stiff enough to 
keep the whole in place ; but in a large wheel, the arms 
above and under the shaft, which act endways, have the 
whole weight of wheel and water to sustain, as the arm 
when horizontal only keeps the wheel in shape, being 
so long and slender tliat its own weight would spring it 
down at the ends if not held up by the rims. It is obvi- 
ous, tlK-rcfore, that the large wooden arms act partly oa 
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Be BUspension principle, ns well ns those composed of 
iron rods, and that every large wheel depends on the 
strength of its own rims for stability. 

For nil very large wooden wheels I would recommend 
the following plan, the result of a rather extensive ex- 
perience, as the most economical and durable: Make 
the arms small, but as many in number as can be pro- 
perly attached to the shaft, in order to have the rims 
Bupported at as many points as practicable; then make 
the rinia like the rim of a large spinning wheel. To do 
this good wood is necessary, such as o»k, elm, or ash; it 
should be sawed about two inches thick, and of a width 
eqnal to the intended thickness of the rims; a circle or 
mould should be made equal to the inside circle of the 
rims, and long enough for one length of the stuff. Steam 
enough of the pieces to make the first tier nil around 
the rims, and far<ten them upon the mould until they 
are dry enough to retain their shape; make a shoulder 
upon each arm, at the inside circumference of the rim, 
by cutting away a portion of the inside of the arm and 
leaving a piece outside to bolt through. Now take the 
pieces off the mould, and lay out a gain {by the pattern 
or draft) in the edge of the pieces to fit tlie projecting 
portion of the arm, and half an inch deep. The parts 
may now be put together by placing them around the 
Biioulders on the arms; bring the projecting luj of each 
arm into its corresponding notch, and drive a spike 
through into the shoulders to secure them in place. 
The first tier being now completed, there is no further 
need of tlie mould. Take the pieces from the steam- 
box and bend them on to their places by griping down the 
c-nds and driving a few nails here and there to keep 
them even, taking care to place the nails where they 
may not interfere with the bolt holes. Thus proceed 
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to put one tier above another, taking care to break 
joints, until the rims are of the required depth ; then 
bolt them together with plenty of small bolts, and fasten 
a strong piece of iron upon the inside of each arm, and 
bolt the rims through this and the projecting portion of 
the arm, and the rims will be complete. 

To put in the buckets, lay out and cut gains or re- 
cesses around the inside of the rims the same as when 
made of felloes. I have used the following plan, which 
I can recommend as being easier and cheaper, and 
equally compact and durable : Take thin inch boards, 
and make a pattern exactly corresponding with the solid 
piece left between the bucket gains; lay this pattern 
upon the boards and i^iark out as many pieces as are re- 
quired for both sides of the wheel ; saw them out and 
dress them off to the pattern, taking care to have the 
grain of the wood run parallel with the long point of the 
bracket ; gauge and dress off the ends of all the buckets 
to a size, and they are ready to put in. Commence by 
placing a bracket on each side, and nail it with about 
five small nails in each; place the two pieces composing 
a bucket, and nail them securely together at the corner; 
place and i^ecure another pair of brackets, and another 
pair of bucket pieces, until the whole is completed. 
When you come to the iron straps at the arms cut 
away a portion of the bracket to fit the iron, and a piece 
out of the end of the bucket to fit the same. Next be- 
gin by placing a piece of the lining and nailing it se- 
curely to the rims, and also to the inner edge of the 
bucket, which you must be carefal to do with each piece 
as you proceed, as it is difficult to strike the edge of a 
bucket after a number of them are covered. 

We have made a number of large overshot wheels in 
thia way, and they are both light and strong — two quali- 
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ies of great importance. This plan also involves a 
luch smnller waste of nijiteriiit and labor, which is an- 
ther Important consideration. 

I have uuwittingly detailed tlie methods of construct- 
ig tlie outer circumference of the wheel before descrlb- 
)g the shaft and centre portions by whicli it is fup- 
orted ; which seems to indicate that I am more familiar 
'itli making a wheel than deecrihing one on paper. But 
B there is no danger of any one committing the same 
lunder in coriBtructing a wheel, the error is compara- 
ively harmless. 

We will prot'eed to descrilie the process of making the 
baflt. An iron shiift requires but little description, as 
; i» generally ready made to order. The first considera- 
ion is to get suitable flang*?3 upon it to fnKten the arms 
pon. These may have aocketa like those in use for 
;e»mboat paddle-wheels; but these are not absolutely 
eeessary, unless the power of the wheel is to be con- 
eyed through the extended shaft, which is sometimes 
ji^uialte. The most economical mode of transmitting 
le power is by placing cogged segments around the 
ircumference of the wheel, to work in a pinion upon 
nether shaft, to wliich it gives motion. As this motion 
1 taken from the swiftest moving part of the wheel, it 
I comparatively rapid, and but little more gearing is 
squired to connect it with any machine to be driven. 
'Ills pinion shaft may run in almost any direction, 
oriiontal or peri>endicuhir, by using spur, or bevel seg- 
leuts. When motion is taken from the wheel in thiti 
-ay the shaft dues not require to be so strong, as it has 
nly to 8up[K)rt the weiglit and keep the wheel in posi- 
on, there being no twist or other strain upon it. In 
lU ca«e all the central flange required is a pluin round 
isk of sufficient size to bolt the arms securely upon,- 
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and of sufficient strength at the centfe to be keyed 
firmly on to the shaft. 

To lay out these arms, make a draft of the size of the 
shaft and flange upon the centre of the wheel draft; 
then mark out the number, size, and position of the 
arms, and by one of these arm-marks make a pattern 
for laying them out, taking care to butt the ends solid 
against the shaft. After the arms are bolted on, fit a 
wedge-shaped piece in between, of sufficient size to fill 
the space for some distance past the disk. Put these 
wedges in with hot pitch, or white lead paint, and bore 
a hole through, half in the arm and half in the wedge, 
and insert a pin. This will bind the whole centre into 
a solid hub, which is strong and secure. Such a shaft 
is preferable to a wooden shaft atid iron journals ; and 
these, with the necessary bands and workmanship, will 
frequently cost more than the cast iron shaft. This 
consideration, coupled with the fact that the wooden 
shaft is liable to rot and other casualties, while the 
iron one is sure to last out the rest of the wheel with 
little deterioration in value, makes the iron preferable. 
Old broken or worn-out steam engine shafts are some- 
times to be had for little more than the price of old iron, 
and answer well. 

When a wooden shaft is to be made, oak or tamarac 
are the best woods, while black ash and pine are very 
good. And here I might observe, that tamarac or larch 
is the very best wood for the wheel itself, being strong 
and durable, and, like pine, not liable to waste away out- 
side, or rvst^ as it is technically called, as all hard woods 
are. To make the shaft, be careful to get a sound stick, 
and large enough; if you can get it to a saw-mill, it will 
save some hard work. Cut off the Found log an inch 
or two longer than the length for the shaft ; sink in a 
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:e of iron witli a countersunk centre, iii the middle 
of each end, and hang it up a convenient height upon 
two iron or steel points in posts or other fixtures, in 
such a position that you can pass a helt around n 
ehafi, and around the log. to give it motion, and turn 
it off true, tlie whole size and length. Mark the 
isUonldersofthc gudgeons and turn them off to the size and 
taper of the wings; mark also the morti.-'es for Ihe arms, 
with another scratch outside of the mortise for tlie dove- 
tail, about half an inch, and one inside the mortise, for 
keys, about three inches; turn the shaft round and 
itcribe nil these different marks. Now measure the size 
of the 8haft and de-'^cribe it on the floor, in the centre 
of the wheel-draft, and divide it and lay out the number 
and dize of the arms, to correspond with the wheel. By 
this eoction of the shaft make a pattern for the thickness 
(f the tenon on the arm ; attach a piece of circle agree- 
ing with the outside of the shaft across the top of this 
pattern to gauge the depth of mortise, and to insure mak- 
ing them plumb and true, and another similar gauge for 
the dovetails. M;ike the mortises licfoie you take down 
the shaft. Tou may now make a pattern of the back 
end or wings of the gudgeons, as they are too heavy to 
handle, and lay out and work the recesses by it. It 
will save some hard work if It can be placed on the saw- 
mill carriage to saw the recesses for the wings, and run 
u naw-draft outside of each wing, and some inchcB deep, 
for wedges. These may be run a lit-tle deeper with a 
handsaw, to allow the wedge to penetrate to the back 
end of the wings, Gieat care must be taken in banding 
and wedging, as it is dillicult to fasten them afterwards, 
should they get loose. 

You may also make a pattern from the wheel-draft, 
fur the arms, ns it will facilitate and insure accuracy in 
8 
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laying them out. This is merely a thin board of the 
length and breadth of the arms, with the dovetail of the 
tenon laid out on the outer edge, at one end, and the slit 
to admit the rims on the other. To fasten these in the 
shaft, make two keys with a slight taper, and sufficient 
size to fill the mortise; place one w.ith the head down, 
and enter the point of the other between it and the arm, 
and drive it home. These, as well as the arms, had 
better be coated with white lead or coal tar. 

When large felloes are to be broken out for rims the 
following plan saves labor : Mark out the felloes by the 
pattern, and cut the plank to the lengths; then slab 
and turn down a large log on the saw-mill carriage, run 
the saw into the middle of it, and take off the feed, fix 
a bar across between the fender posts the thickness of 
the plank above the log. Lay a piece of the plank on 
the log and under the cross-bar, in front of the saw. 
Start the saw, and feed the plank against it by the 
mark, which will be easily followed by placing a mark 
upon the cross-bar above it, and having a man at the 
other end behind the saw to help. If the circle be small, 
put in an old narrow saw and set it all to one side, 
which, with careful attention, will cut a pretty short 
curve. 



CHAPTER VII. 

EXPERIMENTS WITH WHEELS. 

Upwards of twenty years ago I commenced a series 
of experiments with different kinds of water wheels, and 
being the owner of a grist and a saw mill, where the 
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quantity of water is rather small, but with a considerable 
fall, I have continued these experiments at intervals ever 
since, with the expectation of being able to construct a 
wheel that would equal the ovei-shot in power, without 
its complicated and cumbrous machinery. 

I Ijegan with wheels working on the reaction principle, 
which were much in vogue at that time. I fixed up a 
disk, or part of a wheel, a foot in diameter, with an 
orifice at the centre to admit water from a flume, with 
ten feet head. This I fastened upon a shaft, which re- 
mained the same in all the experiments. I then made 
another portion or disk to correspond with the first ; to 
this last I attached movable pieces of wood or iron, as 
the form of the issues made most convenient, and screwed 
the two together. After trying this with one form of 
issues and noting the result, I unscrewed the movable 
part, took out the central pieces forming the issues, and 
replaced thera by others of another form and figure, 
until every conceivable curve and position was tried, 
taking care to have the sum of the issues of each to be 
the same, whatever their numbers might be. To test the 
different powers and velocities or these, I laid down an 
inclined plane, upon which I placed a small stone boat; 
this was loaded with small stones and had a line attached 
to it, the other end of which was made to wind around a 
small shaft, of the machine. By varying the load on 
the boat, and noting the velocity with which it was 
hauled up the incline, the merits of the various forms 
were compared and tested. 

I mention these experiments thus particularly, only 
to Bay that they satisfied mc that no experiment with a 
email model, however accurately made and figured up, 
for a wheel of working size, and another head of water, 
be relied upon ; as upon making wheels by the data 
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furnished by these experiments, for driv-ng my 44 feet 
millstones, first with 22, and afterwards with 30 feet 
head, I found the result to differ each time; and had to 
mnke another set of experiments to find the best mode, 
of applying the water in practice, 

I will not tire the reader with a full detail of thea» 
experiments, but merely state that after a trial of up- 
wards of twenty diflercnt kinds I adopted a modification 
of Dr. Barker's wheel, Fig. 24. All these experimeuta 
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were made by placing the various motlifications of wheel 
on the lower end nf the srim. iron shaft or spindle; the ■ 



barker's wheel. in 

millstone was placed upon the top without genring, ex- 
cept a smHll pulley upon the spindle, from which a belt 
dntve an upright fhaft with bevel gearing to drive the 
b«jlt and elevatorB; and the water was admitted under 
the bottom. As this is a very simple and effective 
method of driving millt^tones, I will describe it in detail. 

Barker's WheeL 

Bring the water in a strong tight spout about six 
inches deep and two feet wide under the wheel. Under 
and clear of this, place a bridge-tree, thin, wide, and 
movable at one end, for raising and lowering the spindle 
and stoue; make a round hole a foot, more or \es», in 
diameter, according to the head, to admit the water to 
the wheel, and a small hole, four or five inches in din- 
leter, in the bottom; turn a piece of mnple or other 
lard wood to fit this sraall hole; fill it full of tallow 
place it in the hole, and resting on the bridge-tree, 
the upper end being turned to fit the concave end of the 
lindle, which rests upon this block. 
To make the wheel, get a central piece cast, about the 
And form of a patent pail, with parallel sides and a 
rirong bottom, with a hole in the centre to admit the 
laft, upon which it should be keyed at a proper distance 
the end. This must have two holes in opposite 
ides, about eight inches in diameter, to admit the hol- 
QW anne, leaving about three inches of whole meU\\ 
Blow them. This part must be turned off true. Make 
wo pieces of plank, with a semicircle in eacli, to fit the 
iDtside of the casting, and cut a recess around the under 
ide of these semicircles about half an inch deep and an 
Dch or more in width; nail around these recesses two 
fr three thicknesses of leather that has been soaked full 
if tallow, the edges pnyectiug past the wood, so as to 
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come in contact with the turned iron and m4ke a tight, 
free, joint. These are to be fastened on tol the top of 
the spout with handy screws, and then adjusted. 

To make the hollow tubes or arms, get two pieces of 
thin boiler plate of the requisite length and breadth, say 
three and a half feet by two feet ; bend these round like 
a stovepipe, and rivet the seam; compress the outer 
ends a little, as it will allow them to revolve with less 
resistance from the air; cut an end to fit, either of iron 
or wood, and rivet the iron tube in over the end to keep 
it tight. Cut a hole in each arm about two inches from 
the end, on opposite sides — each hole about 2i inches 
deep and 3 inches long — turn the iron out from the cen- 
tre so as to form a ledge above and below to direct the 
discharge, and rivet a like ledge on the outer end of the 
hole. Now make a slide of the same iron of sufficient 
length and breadth to cover the hole, with the outer end 
turned out to form a ledge for the inner end of the hole, 
and fix an eye or loop in the other end to como out 
through a slit in the tube behind the hole, and of the 
same length. This slide is placed inside the tube with 
the bent ledge or end projecting through the hole, which 
with the loop projecting through the slit keeps it in 
place. If you take hold of this loop and draw it back 
towards the centre the hole will be entirely open, with 
a ledge all around; push it towards the end half way 
and the hole will be half open, half shut; push it all 
the way to the end and it will be shut, the end ledges 
being in contact. This arrangement admits of the issues 
being enlarged or diminished at pleasure, while the full 
pressure of the water is maintained, which is a desidera- 
tum not easily obtained with other kinds of reaction 
wheels. 

The following is the methpd used for commanding 
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hese Blidea: Place over the Khaft a strong double ring, 
' bnnd, with a gruove around the centre of it ; take n 
xid of iron and loop one end into the loop of the elide, 
he other end into the ring or collar on the shaft ; fix 
K)th Klidea the Hame — the connecting rods being of sucli 
length that wlien the ring or collar is down to the wheel, 
I the two rod8 nearly in a line, the two slides will be 
Closed. Riitee the ring or collar up the t;haft a certain 
distance, and the slides will be opened. Now fix a lever 
Willi a forked end to catch round the centre liutlow part 
lhi8 collar, and with range of movement from the 
hut to the open position of this collar, and the slides 
nn be moved quite easily while the machine is in mt>- 
I arranged this collar and rods to the elides with 
he intention of attaching a common ball governor to 
irork them, but au I only nt-ed these wheels to drive a 
nilt!«tone the governor was not required. 

Tiiia whole arrangement gave goi»d satiafactiun, and 
rather more power than any olhcr tried on the reaction 
pritieiple. But it involves the expense of strong tulx-s 
_or spouts to conduct the water to it. We may di8|)ensf 
fith these by the lollowing arningement, which, though 
hiot so suitable for a grt>l mill, may do better for some 
ptlier kiiida of mncliinery: — 

Make a round wooden lube of a diameter proportioned 

) the power propiBcd, and a length cijual to the height 

of the fall (see Fig. 2o). This tube I made by sawing 

a suitable log^ down the middle and hullowing out the 

) halves, and then banding them together with iron; 

' lower end supported on a concave journal running 

It) a wooden step, and having a strong circular disk iii- 

tead of wings, the upper end having two cro,<s irons at 

, angles, in the centre of which the upper journal 

S fixed. The sheet iron tubes are put into each half 



EXPERIMENTS WITH ITHEELS. 



before they are put together; the inner end being 
through the wood and split into narrow portions, tbeni 




turned back and nailed into the wood to make tbeiQj 
fast. 
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te upper end of this hollnw shaft must be widened 
ito a fiiinu'l shape to admit the water. Cjiro must Ije 
iken to gauge the quantity so tliat the tutre will he full 
id not run over. The following plan answers well : 
[nke a gate in the bottom of the ^ipout to admit the 
uanlity noce.*sary, and beside this main gate make a 
nail Viilve gate, hung near the centre; to this valve 
X a small stem or rod in such a po.sition that when the 
lite J8 shut the stem shall point in the dinactiou the 
Uichine and water are to revolve; but when open it 
lalt hang perpendicularly. Attach a wooden float or 
'eight to tbia stem at the proper height for the water, 
nd the armngement is complete. Open the main gate 
I admit as near the quantity as possible, and the valve 
ite will regulate the rest. When the water falls too 
w, the weight of the float will hang perpendicular and 
)en the viilve; when too lii;:h, the float will be carried 
tund and r;ti:*fd hy the water, and thus shut the valve, 
^thniit this apparatus the water will either get too 
>vt and lose part of the head, or too high and run 
rer; because the machine discharges more water the 
•ter it runs, the centrifugal force increnasing the pres- 
ire of tlie water towards the ends of the tubes, and 
lus increasiug the velocity of the discharge and adding 
) the power. 

I tried many experiments in expectation of gutting 
lore power by running these slower and with shorter 
ins, and then placing another wheel outside of them, 
kc a light tub-wheel, to get the power of the discharg- 
ig water, but found it letter to increase the diameter 
id spued of the first wheel and use it at its full speed, 
than to divide between the two. It made a simple 
innchiiie very complicated, besides losing a part of the 
ilrifugal foK 
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siderable item, and helps to compensate for friction and 
the power required to take the water from a state of 
rest, and impart to it the requisite revolving motion. 

This will be better understood if we remember that 
this machine inverted is the common centrifugal pump. 
Place the end of the upright tube in the water to be 
raised, with a valve opening upwards at the lower end, 
and fill both upright and cross tubes with water through 
a hole at the top. Plug up the hole and cause the ma- 
chine to revolve, and the contents will be discharged 
through the hole at the end of the arms; at the same 
time the suction or vacuum will open the valve in the 
bottom, and the water will rush up and supply the place 
of that discharged. Place a circular trough around to 
catch the discharging water, and the pump is complete. 
It will be observed tiiat in this pump, as well as in the 
wheel, the hollow arms only require to move, the main 
tube may be stationary, and either perpendicular or in 
any other direction. 

This is an excellent pump where a continual discharge 
is required, and the requisite motion can be had for it; 
but as it acts by suction, or rather the pressure of the 
atmosphere, it will raise water only a little over thirty 
feet ; as a water wheel, however, it is applicable to any 
height of water, and the higher, the more economically 
it will work, on account of the vis inertia of the water, 
before alluded to; the only limit being the strength of 
the confining tubes and other component parts. 

When steam is used to propel a rotary machine in 
this way its power is wasted. Steam is so light, elastic, 
and ethereal, that every increase of pressure only causes 
it to escape the faster, without any corresponding reac- 
tionary force being imparted to the machine; while 
water, being heavy and incompressible, requires a gi^eat 
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increase of pressure to double or quadruple the discluir^ ; 

and tlie piiwer of the wheel being as the pressure per 

inch multiplied by the number of inches of the area of 

tlie discharging orifice, it will be easily compreliended 

how these wheels answer better with a high head. A 

head of thirty-three feet being equal to the pressure of 

the atmosphere, gives a force of fifteen lbs. to the square 

j^inch, which being applied at the end of a 4-feet lever, 

^Kb ill driving a millstone, the wLole power is easily com- 

^fnited and compared with any other power ap|}lied by a 

^^inion or sheave, the lever power of which is half its 

diameter. 

To understand the principle upon which these wheels 
act, let us suppose the discharging oiifiires botli closed 
by their slides, and the trunk and tubes filled with 
water. It is evident that there would be a pressure 
upon every incli of the inside surface of these tuberf 
equal lo the pressure due to that head of water; but the 
machine would not move. Now o|>en the slides, and 
the pressure upon so many inches as the hole measures 
'j^» removed, while the pressure opposite the hole remains 
^^ne same as before, and the end of the tube will be 
^Hushed back with a force equal to the pressure per inch, 
^^niuUiplied by the number of inchcH in the hole, and it 
will incline to revolve with a force equal to the sum of 
both holes thus found ; or, if all obstruction be removed, 
it will revolve with a velocity a little over that due to 
the head of water, measured from the discharge to the 
urfiire in the trunk, as found by the Table, The in- 
cased velocity of the wheel over that uf the water is 
to the extra pressure of the water caused by the 
cumulated centrifugal force within the arm. 
L qut■^'tion in relation to these wheels has arisen in 
mind, wliich is of considerable importance, anil 
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though yet unsolved, I will try to explain. It U a fact, 
well known by experiment, that water issuing through 
an orifice in a thin plate of metnl, like these tubes, dis- 
charges a much less quantity in a given time than is 
assigned by theory; but by fixing a ledge around the 
orifice, as I did witli these wheels, it forms a kind of 
tube by wliich the quantity discharged is greatly in- 
creased, and by a peculiar form of tube, the discharge 
and consequent velocity can be more than doubled. 
The question then is: Whether the increased or dimin- 
ished discharge is more economical as applied to these 
wheels? If the force be simply the reaction or recoil 
imparted by giving impetus and velocity to that column 
of water issuing through the orifice, then the greater the 
velocity, the greater will be the recoil. But if the power 
depends only on the internal pressure, then the simple 
orifice will be the best, as that may be enlarged, while 
the pressure elsewhere will remain the same. This 
will allow about double the number of inches of orifice, 
with the same expenditure of water. 

I may explain that I discontinued the use of these 
and the central discharge wheels, next described^ and 
substituted overshots in my mills, on account of a 
want of sufficient water at all times for the quantity of 
work to be performed, experience having satisfied me 
that although either of these kinds of wheels would 
drive 07ie run of stones with as little water as an over- 
shot, when two or more stones were attached to the same 
overshot, it would do more work with the same water. 
The reason is, that the small wheel has little else than 
the spindle and stone to drive, and nearly all the power 
of the water is applied to grinding; while the overshot 
requires a considerable quantity of water to drive itself 
and the intermediate machinery at the proper working 
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■elocity; and it ia only the quantity niiplieil over and 
above that amount wliicti drivea tlie niillstuntft: and does 
the grinding. And when the wheel and all the machi- 
nery with one run of stones are working at the proper 
speed and power, a email addition to the qnantily of 
water will enable it to drive anotliiJr run at the same 
rale. In other worda, it is not necesisiiry to double the 
quantity of water to do double the work, in tlie one 
case; while in the other, every increase iii the quantity 
of work dune requires a proportioniite increase in the 
[uantity of water expended. 

A method putenled a few years since for boring pump 
Igs by hollow i-ylindricul augers of any required dia- 
meter, will facilitate the making of this kind of water 
wheel, as the requi.-'ite tubes can be bored and turned 
»f H>Iid wood, and with very little banding; whereas 
Wfts quite a job to make them of staves or in two 
lives, as formerly, and band them sufficiently to pre- 
int leakage. 



CHAPTEK VIII. 

CENTRAL DI-SCnARGE WHEELS. 

A NUMBER of carefully conducted experiments with 

^Dtre vent wheels of small size and with a low head uf 

Bier, resulted, like those nnide with reaction wheel 

ulelu, in no practical benefit. The reactiim wheel 

hich gave the beet result in the model lind only one 

te, coiled around in a spiral, or rather helical, form — 

i the niiiin spring of a watcli — from the centre to the 

'cumference. Expecting the ifiwnii result in practice, I 
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made a wheel seven and a half feet in diameter, with a 
similar issue of considerable size commencing at the cen- 
tre, and gradually contracting as it wound around towards 
the circumference, where the water escaped through 
an opening of three by four inches. This channel was 
about thirty feet long, and the water issuing through it 
under thirty feet head had the appearance of soapsuds, 
and instead of accumulating power and velocity, as the 
model indicated, the friction through the long helical 
tube destroyed both. 

This experiment, although in itself a failure, furnished 
a useful practical hint concerning the central discharge 
wheel and its scroll case, namely, that as it is impelled 
around the inside of the scroll by the head pressure, the 
water has a constant tendency to continue on in a 
straight line, which forces it against the outside of the 
water way with a much greater force than it exerts at 
the inside ; and this constant force and friction destroy 
a large proportion of its power. Besides, it is only the 
inside or lesser pressure, and not the outside increased 
force, that can be applied to any wheel placed inside of 
this water way. To test the difference between the 
pressure of the water against the outside and inside of 
this water way, I bored several auger holes around both 
the outside and inside of the scroll in pairs opposite to 
each other, and at equal distances apart ; a piece of lead 
pipe was inserted in each of the first pair of holes, and 
a full head of water was let on, and the height to which 
each tube forced up the water was noted. The tubes 
were then inserted in the next pair of holes, and the 
first plugged up : thus it was continued, and the differ- 
ence noted all around the scroll. The result was, that 
the tubes next the outside of the scroll threw the water 
one-half higher than those next the inside; and the 



'i 



I 



CENTRAL DISCHARGE WUEELS. 127 

height of all the jets gradually diminished a^ they came 
round to complete the circuit. Other similar experi- 
ments showed that the larger the circumference of the 
Bcroll, the greater was the waste ; and, also, that the 
■waste and loss increased in proportion to the increase 
of the head and velocity of the water. 

ITiese experiments tend to explain what we have a 
hundred times remarked in practice, namely, that those 
BcroU-cased central discharge wheels answer well fur a 
low head and ample supply of water ; and that when 
the head and velocity are high, and the quantity limited, 
they give a power much below that ascribed to them by 
I, theory. 

I^B After many and varied experiments of this kind, we 
^Bconcluded that in order to make one of the.'>e wheels 
I^Fthat could compete with an overshot, two conditions 
were necessary : First, toget a throat or adjutage througli 
which the water would issue with the full velocity as- 
cribed to it by theory; and second, to apply all this 
acquired force upon the wheel. The first can be accom- 
plished by issuing the water through a short tube made 
conical or funnel-shaped at the inner end, in the form 
called '* the contracted vein," elsewhere described; and 
the second condition is obtained by connecting this tube 
or chute with the wheel in such a manner that the 
backet becomes a part of the chute, or takes the place 
of it, receiving the water at its full velocity, and by the 
gradual curvature of the bucket, combined with the cen- 
trifugal force produced by the motion of the wheel, 
gradually and completely overcoming and absorbing the 
power of the water. 

This will be better understood by examining the 
cat, Fig. 26, where it will be seen that the bucket 
lives the water nearly straight at its outer end, and 



CENTRAL niECHABCE WUEELS. 



hy its curvature and the motion of the wheel it bring 
tlie %v.ater around ia a circular scroll towards the central 



Pig. 26. 




wliere, its force boing tipcnt, it dropa down clear uf Ihe 
wheel by its weiglit. By this arrangement, it will be 
Been that the curved bucket virtufdly takeH the place of 
the outside scroll of the coinraon centre vent wheel, and 
receives the whole force of the water, intensified by the J 
curvature it here undergoes. The force of the wiiter isl 
Ktitl further augmented and impelled against the bucket J 
by the two opposite forces which here act upon it, thatl 
is, its acquired inipeius, wiiich urges it onward in ; 
straight line, and the centrifugal force, which urges itl 
outward from the centre. These contending forces in- 1 
crease the pressure of the water against the inside of I 
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■the buckets by counteracting its progress towards the 
centre of the wheel, and gradually overcome and arrest 
its impetus altogether, and it falls clear of the wheel. 
It may be further observed that the friction of the water 
against the buckets and ineide of the wheel as it passes 
liruugh, which in all reaction, and most central vent 
vheels, seriously retards its motion, is, in this, a help 
iKtead of a hindrance, as it acts in unison with the 
potion of the wheel. 
This iij an excellent wheel for a high head of water, 
eiitg more simple in its construction than Barker's, and 
ot, like it, impeded by the ri« inertia of the water, nor 
friction, and, when properly calculated and made, 
"■gives ft result fully equal to the overshot. To obtain 
this result, it is neceasary that the size and velocity of 
the wheel sliould be nicely adjusted to the velocity of 
the water; so that in entering, the water may move 
enough faster than the wheel to enable it to overcome 
the centrifugal force, and follow the inside curve of the 
bucket to its inner end, where the water should arrive 
with its momentum exhausted. 

To obtain these results we tried the following experi- 
ments : We fixed a wooden disk or rim upon the lower 
^ end of the iron spindle of a millstone, the disk being four 
■feet in diameter, and another rim of the same outside 
Bbze. but only twelve inches wide, being open at the cen- 
tre to allow the water to escape. This last rim was 
under the other, the wrought iron buckets being between. 
^Tbe form and position of sixteen buckets were then 
^HjJculated as nearly as possible by making a draft upon 
^Ke Boor, and by this we made a pattern of the space 
^^tween two buckets, and cut brackets out of half-inch 
Btuff by this pattern to put in between the buckets upon 
both rims. These were nailed in all around, and a 
L 9 
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small half-round bolt put through at the hack of 
bucket to hold the rims together. We tried Uiii 
found it too large in diameter to give the 41 feet el 
the requisite speed, 160 revolutions per minute, with 
feet head. We turned off a portion of the rims and re- 
peated the experiment several times, each time making 
corresponding alterations in the brackets, and position 
and shape of the buckets, until the wheel was reduced 
to 3 feet and 1 inch, and the lower rim to 6 or 7 inches 
wide, when we were satisfied with its working, nnd made 
patterns and got wheels cast, with the wrought-irou 
buckets between, requiring no bolting. 

AVe had seen many central discharge wheels in O] 
tion, and patterns, drawings, and descriptions of mai 
more, and in every case the water was conducted to 
them through a scroll-shaped water way extending 
around the wheel, although some had several gates 
the admission of water; and we determined to try h( 
one of these wheels would work in such a scroll, 
accordingly made a very nice scroll, the outside 
smooth iron, and the top and bottom lined with zii 
and delivered the water through this upon the whi 
the throat being a little over 34 inches square, or 
inches of wafer under 30 feet head. This would hardi 
give the requisite velocity to the atone when runnil 
empty and free, and could only be made to grind betw< 
one and two bushels an hour by checking it up quite 
slow. We then removed a portion of the scroll at the 
end, and brought the termination close to the wheel to 
shoot in all the water, and found upon trial that 
worked better; another portion was then removed, whii 
showed a corresponding improvement. Thus we 
tinned to cut and try, until the scroll was reduced to tb< 
small portion we had previously been using, which wj 
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only sufficient to eboot all the water into three buckets 
out of the sixteen, and then its former power and ve- 
locity were -restored, and it would grind eight bushels of 
wheat or corn per hour, or average one hundred bushels 
of mixed grain or custom work per day of twelve hours. 
There will be some waste by this short scroll, unless 
it be continued the true circle of the wheel, to cover the 
space between two buckets, otherwise a portion of the 
water will escape past the point of the chute without 
entering the buckets. In fact, the curve of the water- 
way, and furm and motion of the wheel, cause some 
water to pass in this way in epite of every precaution 
against it. 



Tig. 2:, 




To obviate this waste aud loss we constructed a double 
De«l, Fig. 27, the water being shot in and divided hv- 
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tween the two, as shown in Fig. 27. These we maJ^ 
thirty inches in diameter, with a corresponding nlteralion 
in the form of the buckets, although nnder the same thirty 
feet head. The wheeU were connected by cog» around 
their circumference, both above and below, both being 
cast from the same pattern, but turned wilh different 
eides up, to bring the buckets right. The buckets termi- 
nated in corresponding cogs, bo that when placed 'm gear 
they overlapped each other, thus preventing the escape 
of any water between the two wheels. These buckets 
stepping in between each other at equal diMtanuea, re- 
ceive the whole direct force of the water from the short 
directing issue without any waste or loss by friction, and 
split the stream equally between them, each carrying 
its particular portion of water around with the motion 
of the wheel until its force is expended, when it drops 
down and escapes beneath. It \s essential that these 
wheels should be geared [lermanently together, to keep 
the step of the buckets, as if allowed to shift their poM- 
tion with regard to each other, the overlapping ends 
would come in contact and damage each other. The 
connection, in some cases, can be made more conveni- 
ently between the shafts above; and where a horizontal 
motion is taken from these upright shafts, the best way 
is to place a shaft across the top, with a double bevel 
pinion in the centre between the two, gearing into ft 
corresponding bevel pinion on each water wheel shaft,. 
as shown in Fig. 28. 

These wheels work equally well on a horizontal shaft. 
The short chute of the single wheel should commenca 
at the centre of the descending side and terminate at 
the bottom. We have placed several of these wheels 
in this position on the crank shafts of saw-mills, both 
for English gate and gang. The wheels being cast with 
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double set of buckets, thus discharging the water from 

oth sides ; that is, tlie wheel hiis a central rim which 

extends to the shaft, where it bulges out equally on 

I both aides into a strong hub, by which it is keyed on to 




the injn shaft. Buckets made of thin boiler pbite are 
cn«t into each cide of this rim, those on one wide break- 
ing jointfl midway between the others, to avoid weaken- 
ing the rim, and an open rim only five inches wide 'us 
cast on to the outer ed'je of both seta of buckets. The 
waier discharge.'* ihrough theae, the inner ends of the 
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buckets being slightly curved outward, and the bulge of 
the central hub assisting to throw the water out end- 
ways. 

The top or entrance to the short chute is covered by 
a planed iron gate, water-tight, which is slidden off or 
on by a turned stem working through a stuffing-box. 
Either the single or double wheel can be supplied by 
bringing the water down a straight tube ; or a cheap 
and good plan is to bring it from above in what is called 
a rainbow chute, being the natural curve which the 
water would assume if allowed to pitch over and fall 
without interruption, and only confined sufficiently to 
direct its shape and protect it from disturbance by the air. 
This chute is only for a horizontal shaft, and if properly 
made is supposed to give a velocity at the wheel equal 
to that which any heavy body would acquire in falling 
through a space equal to the height of the fall, except a 
slight reduction for the resistance of the air, and friction 
against the directing chute. 

This is the velocity ascribed to the water by theory, 
and is the standard by which its velocity is measured 
and computed for any particular head, but, as before 
remarked, the actual velocity, found by exijeriment, 
differs widely from this, according to the nature and 
form of the throat, or adjutage. Thus an orifice through 
a thin board, or plate of iron, will admit a far less quan- 
tity in a given time than this velocity would indicate, 
while by using a short cylindrical tube, of the same bore 
as the orifice, it will discharge as much water in three 
minutes as the simple orifice will in four; and if the 
length of the directing tube be only about twice its dia- 
meter the increase will be still greater. 

By examining a jet of water issuing through a thin 
plate, it will be seen to taper and diminish in size from 
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the ptftte to the distance of attout hnlf the dinmeter of 
the hole, where the area of this smalletit part will be to 
the area of the hole aa 10 to 15 or IG. Thi& contraction 
iji whftt is called *' the contracted vein," and by enlarging 
the end of the tube next the tiumc in these proportions, 
to a funnel shape, the same contraction takes place be- 
fore entering the tube, and the flow is consequently 
greatly increased; by adding an enlarged conical piece 
to the outer end of this, thus making the tube conical 
(it both ends, the velocity of tUe discharge can be more 
than doubled, being to that of the thin plate as 23 to 
10. Care muat be taken not to overdo this, aa the 
length of the outer conical piece should not exceed three 
or four times the diameter of the small end, and the 
Bides should nut diverge more than to form an angle of 
three or four degrees with the other. This is a subject 
with which every millwright should endeavor to make 
himself thoroughly acquainted, as well as with the re- 
tarding eflects of friction in all the various forms of 
cbutea or adjutages, and the influence of curved or acroll- 
shaped water-ways upon the velocity of the water. 

By thoroughly understanding tliis disposition of water 
in motion, and forming the short directing chute to ac- 
commodate and take advantage of these peculiarities, 
the water can be brought in eontiict with the wheel at 
the full theoretical velocity ; and by proportioning the 
sire and motion of the wheel and curve of buckets to 
this velocity, according to the head, the whole velocity 
and force of the water can be arrested and absorbed by 
the wheel, without waste or loss by friction. The at* 
toinment of these two conditions is all that is required 
lo solve the long pending problem " How to make the 
most of a fall of water," the only other desideratum 
being, that the wheel be such as will admit of an easy 
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and cheap connection with the machinery to he Sin 
This the wheel under consideration admits of, at a tithe 
of the expense required to gear the overshot to machi- 
nery under the most favorable circumstances, the cost 
of the wheel itself bearing about the same proportion to 
that of the overshot (i. e., one-tenth). 

When intended for a wooden shaft both rims are made 
open in the centre, the buckets projecting past the rims 
to the inside about two inches. Four cross-armB are 
mortised through the shall, and the wheel is secured to 
them by screw bolls. 

We have recently made several patterns for wheels and 
chutes of this kiud, of different sizes, and had the wheels 
made and set to work since the chapters on the overshot 
and reaction wheels, in the foregoing piirt of this work, 
were written. This will account for any discrepancies 
between the above remarka and those made in former 
chapters, as the wheel and application of the water are 
new, so far as we are aware, and we have not yet had 
time to calculate and reduce the velocities and curves 
to a rule or standard whereby they may be theoreti- 
cally computed. 

There are many other varieties of central discharge 
wheels, each kind being, like our own, reooiumended by 
its inventor and patrons as the best. Most of these are, 
as we have already said, supplied by a scroll water-way 
extending clear around the wheel, generally a single 
gate to admit and control the water: one kind that is 
common in the Northerp and Western Slates having 
three gates, each having a scroll or water-way encircling 
one-third of the circumference, and terminating close to 
the wheel. This is a good wheel for a low head and 
plentiful supply of water. Another that ban come into 
extensive use within a few years is called Leffel's Tur> 
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bine, Fig. 29, and has twelve gates, and as miiny separate 
water-ways; this wheel the makers claim to equal an over- 
shot with any fail or quantity of water. We have never 
seen this tested, but confess that we cannot see how a 




nnall quantity of water with a great velocity, divided 
into twelve separate streams, each impeded by a certitin 
amount of friction against ita gate and directing chute, 
can be a very economical application. On the other hand, 
each of thene chutes applies the water stniiglit and direct 
upon the oppoi-ing bucket, without the lo»s and friction 
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of conveying it nroimd llie whole circumference i^ll 
scroll; and this peculiiirity, with the excellent workmaD- 
ehip and materiiil used in their construction, account* 
for the high reputation tliey have gained wherever tbey | 
are used,* I 

If we were urged to give a candid opinion, we would 
Siiy that the Leffel wheel oufilit to give as good a result 
wilh a low head, and up to a moderate ht-'ight, as anj? 
other turbine with wliich we are acquainted, not except- 
ing our own; hut with a high head and velocity, we 
would hack our own against it with perfect confidence. 
We are confirmed in this opinion by another considera- 
tion to which we have not before alluded, viz., that the 
principle upon which the Leffel wheel ia constructed 
involves a diminution of size, and consequent increase 
of velocity, proportioned to the increase of head of water. 
This with a high head reduces the size of tlie wheel tu 
10, 8, or even 6J inches in diameter, and increases ilB 
revolutions to twelve or sixteen hundred per minute, 
which involves a reduction of speed by intermediate 
machinery to enable it to drive mill-atones or other 
heavy work. This, of course, is called yaiidng power, 
being the reverse of the intervening machinery of the 
overshot, £or gaining spued, but both really waste power, 
and tlie leas machinery inlerpoeed between the wheel 
and the work, the more will the power of the water be 
transmitted to the work. The fact of these small wheela 
running at such a velucity for years is a proof of their 
superior workmanship. 

Other central discharge wheels have porhajM twenty 
or tliirty of these chutes or water-ways. The direct 
action wheel of Howd, and others similar to it, are ex- 
amples of this kind. They answer well on large aud 

• These wljeels are manufactiired by James LelTt-l & Co., Sjiring- 
fii-ld, Oliio, and hy Poole & Hunt, Balliiuori;, Md. 
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■doggish streams which afford a pleDtiful supply of water, 
wiih but Utile hfjiii, as by enlarging the size of thuse 
wiiffls aimuHt any amuunt of water may be used to 
innke up fur the dffji-iency of fall; but thoy are not 
suitable for a high head and small quantity of wiiter. 

There are many oilier central di>charging wlieels with 
only one water-way or chute, which is miide in a scroll 
form, and of more or less capacity, diameter, and depth, 
According to the bend of water under which they are to 
act, and the amount of power to be developed. Some 
of these, like the wooden centre vent and the Tyler 
wheels, work by the impulse of the water. Others, as 
Eiche's wheel, the Ring Wheel, and Little Giant, work 
partly by impulse on the outer incline of the bucket, 
«iid partly by reaction through the contracted inner 
isiiues. There are probably not lesa than forty different 
varieties of these wheels in use in this country, differing 
from each other only in some alight particular, and all 
working on the same general principle of intercepting 
the impulse of the water by the outer circumference of 
the buikets, and delivering it at the interior, with the 
impulse or velocity more or less appropriated and applied 
liy the buckets. And the degree oi perfoclion with which 
the velocity is thus absorbed and applied, is the measure 
of excellence of any paiticuhir wheel. 

The wheela last mentioned are much used in grist 

milln ; theie is generally a wheel for each run of stones, 

with the shaft geared to the spindle, either by cog-wheels 

or a belt, although the gearing is fretjuently dispensed 

with, and the stone placed directly on tup, and the wheel 

oil llie font of the same iron shaft or spindle. These wheels 

nswer well with a moderate head and supply of water, 

ut rhoiiM not be used where the quantity is limited 

nd heiul biL'h, as in that situation they involve too much 
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friction and waste. Neither should they be used where 
the head is very low and the quantity ample, because 
the principle does not admit of applying sufficient water 
in such a situation, and the Jonval, the Leffel, the Howd, 
or similar wheel with numerous chutes, which may be 
adapted to almost any quantity of water, will answer 
the purpose better. When the conditions above referred 
to are favorable, these are a cheap, durable, and conve- 
nient kind of wheel, although not well adapted to ran 
on a horizontal shafl. 

When a millwright has decided to use this description 
of wheel, he may in general select the particular kind 
or name, according to his fancy, merely adapting the 
capacity of the wheel to the particular site and work. 
In doing this, regard must be had to the nature of the 
Htream ; some being comparatively clean and free from 
floating obstructions, while others contain a variety of 
rubbish which would choke the issues of some kinds of 
these wheels, and be a continual source of annoyance, and 
others, having a larger throat, would swallow and dispose 
of everything that could get through an ordinary rack. 

We have seen several Little Giants, which is an ex- 
cellent wheel on a clean stream, condemned and taken 
out because they would choke up with bark and leaves, 
and even coarse sawdust, and require to be cleaned out 
even ten times a day. These wheels were protected by 
a rack so fine that it had to be cleaned much oftener 
than the wheels ; and if this was neglected, the spaces 
became so completely closed as sometimes to allow the 
water to draw down in the flume, until the pressure 
upon the rack crushed it completely in. This occurred 
on the Trout River, in the State of New York. But 
another mill on Norton Creek, using the reaction wheel 
on the Foumeyron principle, with narrow issues, was 
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» periodically clogged with eels every fai at nearly t!te 
same time. The dam was built acruss ihe outlet of a 
marsh twi'Ive miles long, ami pretty wide, raisiitg the 
water about two feet over that whole area. The eel« 
took a fancy for migrating down stream from this pond 
every year, at the commencement of winter. They 
glided through the mc7j without any difficulty, but the 
result ehowa that they had not studied the nature of 
fluids theoretical!)/, and their practical experiments had 
never been extended ns far as hytlronamica, for they 
always blundered and got entangled in tlie wheelB, and 
these would have to be stopped and cleaned out several 
timea in the couirse of a night. 

When we used Barker's wheel we were frequently 
onnoyed by mu^krats getting into the hollow arms and 
closing the issues in a similar manner; these had to be 
Lriiiselled out, as no provision was made for getting out 
P«ach obstructions, and we depended on a fine rack for 
keeping them out, hut the muskrals would either climb 
over, or force through by bending the rods of which the 
rack was composed, and their strength, as shown under 
such circumstances, was astonishing. A convenient 
scuttle should always be placed in ^uch wheels, for thece 
reaHons. 

When these scroll-cased centre-vent wheels are used 
for driving saw-mills, they are generally placed upon an 
upright shaft, from which a horizontal shaft Is driven by 
bevel gearing, and the motion is taken from a drum on 
this shaft to the pulley on the saw-arbor, or crank-shaft, 
by a belt. Several saw-mills with Yankee gangs and 
large circular saws are in oiwration on a small stream, a 
branch of the Trout Eiver, before mentioned. The up- 
per one, Tucker's mill, with gang, large circular, and 
clapboard machine, is driven with Little Giant wheels, 
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with about 24 feet head ; it is indifferently 
and does but little business. Goodwin's, half a raile be- 
low, contains about the same amount of machinery, with 
fiome 2G feet head, and 13 driven by Reyaolda' turbini 
these are probably as good wheels as any of the cli 
and the mill being well attended dwB a good busi 
The next is Rood's mill, a large circular and Engli 
gate, driven by a Ring wheel, and a pair of Hildreth'l 
with 13 feet head; this mill does a good business for 
head of water. Jordan's mill, with Yankee gang, Eng- 
lish gate, shingle and lath niiichines, and edger; this has 
18 feet head, and is driven by the author's wheels, these 
being on the crank shafts without gearing: the chute 
admitting water to the gang wlieel, taking 120 inchi 
that to the English gate 60 incties, and to the wheel 
the vertical shaft, which drives all the other machinei 
having two chutes, one of forty-two and the other fort; 
eight inches area, in sections, either or both of which ai 
used as the machinery being driven ia varied. The hi 
over these gates and uhutes is only about fourteen feet, 
which makes this a much smaller quantity of water in 
proportion to the head, than any other mill on the 
stream. Below this is Hare's mill, a gang and English 
gate, driven by Rose wheels, a pair on eacli crank ehi 
with about ten feet head ; and Judge Adams' mill, a h 
circular, clap-board, and shingle niachineB; these 
driven by wooden centre-vent scroll wheels, that drivi: 
the circular having an area of chute of over four hund 
inches, with about eleven feet head. 

The Ring wheel, driving Rood's circular, with thi 
teen feet head, measures 20x23="'i60 inches in 
throat of chute taken the same way. The otliers men- 
tioned, we had no opportunity of measuring; and the 
reports as to the quantity of water ndmilled were so 
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jconfllcting, that they were not reliable — those given we 
measured. 

The Jonval wheel,* Fig. 30, although it discharges at 
the centre, like those we have been considering, works 
upon a different principle from them, and is rather the 
type of the Spiral Discharge Wheels next described. 



Fig. 30. 




It is probably the beet wheel in use for obtaining a 
■ Maiiufaclnred Uy Emil Oejelin. 15 .'^. Stvenlli Street, Phila. 
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great and conslaut power from a large quantity of water, 
either with a moderately liigb or low hetid. But where 
the power requires to be varied, or where the quantity 
is limited and the fall very high, it lias some defects. 
The Leffel wlieel is better adapted to develop a variaUc 
power, economioally from the water, than the Jonval. 
And the author's double coutre-vent wheel, which ap- 
plies the water in one straight unbroken cliute, wili 
yield more power from a small quantity of water, with 
a very high liead, than either the Jonval or the Leffel 
wheel. Under the last conditious, Barker's reactioi 
H-ater wheel will also beat them. For experiments oi 
this subject see the article on " Barker's wheel," 

The principle of the Jonval wheel applies the water 
upon the whole area, from the central axis to the cir^ 
cumference, and thus admits of the greatest possible quan- 
Xity, while the spiral guide plates, by starting the water 
in the direction of the wheel's motion, where the oblique 
buckets intercept it and reverse its direction and dis- 
charge, give it at the same time the utmost velocity 
obtainable from the water. This peculiar combination 
makes it probably the very best wheel in use for a low 
head and constant quantity, but a great waste is the 
consequence of diminishing the full power, by checking 
the flow through the gate ; because the water must still 
fdl the guide scrolls and issues of the wheel, and the 
power is thus only diminished by transferring a portion 
of the force and velocity of the water from the wheel to 
the giite beneath it. The great expense of this wheel is 
another objectionable feature which precludes its use on 
a small scale, and confines it mostly to large establish- 
ments. The Jonval, like the Leffel and other crack 
wheels, is so well advertised and known, that any 
further notice of it or them here ia quite unnecessary. 
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CHAPTER IX. 



SPIBAL DISCHABUE \VHERL3. 



Tqere are a grent many varielics of epirnl discharge 
wheels in use, generally in pairs, upon horizontal ehnfta. 
In this wny thvy are well adapted for saw-mills, espe- 
cially where the head of water is low, as the oblique 
position of the floats or i.-isnes, tends to screw up the 
velocity with which they revolve: like the vaiiea or 
. Bails of a common wind-mill; thus giving sufficient velo- 
city tn the first mover, and dispensing with intermediate 
I gearing. To understand this iiicrense of velocity, ob- 
wrvc a boy's toy wind-mill in a niodenite wind; you will 
I Bee that it revolves with a velocity far greater than the 
I breeze that impels it. The rea.son is, that the vanes are 
I Leid and revolve in the same plane, witli tlieir oblique 
I face exposed to the same con.stant force, instead of flying 
j away from the wind or receding before it. as in the case 
f of the various wind-wheels on vertical shafts, and others 
thnt are driven direct before the wind. In tliia case the 
velocity of the sail must be deducted from that of the 
wind, and the remainder is all that can possibly apply 
to the sail. 

This is the reason why a vessel will sail faster with a 
side wind than with it fair in the rear. Wlien the 
vessel is moving fast before the wind, nearly as fast as 
the wind wants to follow, tlieie can be but little force 
exerted on the sails; but when the wind is coming in a 
dirtftion oblique to that of the nhip, the saiLs are con- 
Staiitly pressed upon and filli.d, being held to tlie wind 
1(1 
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by the keel and rudJer, as tlie sails of the ordinary 
mill are held by tiie shaft. Tbis side pressure upon the 
vessel, and end pressure upon the shaft of the wind- 
wheel is much greater than the actual propelling force, 
and this is also the case with the epiral discharge water- 
wheel, and greatly increases the friction where a single 
wheel is used upon a ehaft. But when a pair of wheeb- 
are placed upon the same ehaft, facing each other, und' 
Bupplied with water between, then one bilances the 
other, and in this way they work well upon a horizontal 
ehaft, the water discharging towards each end, clear of 
the wheels. But this arrangement, with a vertical shaft, 
is not so economical, because a space must be allowed 
beneath the lower wheel for discharge, then a considera- 
ble space between the two, for a free supply of water for 
both, and tlien the other wheel inverted above that, and 
discharging upward. 

All this causes a great waste in a low head of wat* 
and these wheels should not be used with a high head, 
I have seen several wheels working in this way, when 
the upper wheel was a hindrance rather than a help, as 
the lower wheel had so much more pressure that it 
threw the water out through the upper one, which acted 
as a brake, besides diminishing the pressure upon the 
lower one. In general, a better result can be obtained by 
removing the upper wheel, and replacing it by a smooth 
"lighter" of the same size. 

A better way to place a single wheel of this kind is 
to inclose the water-way clear to the shaft; as this re- 
duces the space for friction and waste of water to the 
circumference of the shaft, instead of that of the outer 
edge of the wheel. In every case the water-way should 
lead in towards the side in a scroll form, so as to give 
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tile entering water a revolving motion in the same direc- 
tion tlie wlieel is to move. 

The simplest and perhaps the best way to place such 
a wheel upon a vertical sliaft, is to place it in the bot- 
tom of the Hume, and case it around aa jou would the 
bed mill-stone in the floor. This insures the full and 
free force of the water, and also prevents trouble from 
frost, but where several wheels are used in the same 
flume, each must have its compartment partitioned off, 
and its gate, or some other arrangement for putting on 
iind off the water. This I have done by two small 
hatchway doors, shutting one each side of the shaft, with 
half size of sliaft cut out of eacli. The first one U bard 
to open, and hard upon the hinges. I have also hung 
this by four slings, to two rollers across above the flume, 
so as to swing back ; in this way one door is sufficient, 
if yuu make a slit in it of the widtli of the shaft and 
from the forward end to the centre. Swing this for- 
ward, and it will cover the wheel, except the slit that 
straddles the shaft. This must be filled by a stationary 
piece, which is little interruption to the water, if the 
cover is placed some inches above the wlieel. This 
arrangement works easily and is not liable to get out 
of order. A separate compartment of flume for each 
wheel is the best where it can conveniently be obtained. 

The downward pressure of the water being added to 
the weight of the wheel shaft, &c., in this arrangement, 
makes a great friction upon the foot gudgeon, which 
must be large in size, and turned out concave in the 
end, and run upon a block of hard wood fried full of 
tallow. Great care must be taken to admit the water to 
it freely, as otherwise it will bum out in a few minutes, 
even when quite deep in back water. 

Tbere is such a great variety of these wheels in use. 
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that it would be needless to try to enumerate them, and 
useless to specify the slight modifications got up by the 
different makers^.and insisted upon by them and their 
advocates, as being of the first importance, and the last 
improvement. Equally useless would it be to detail the 
controversies of these interested sticklers about angles 
and curves ; as to what angle the issue or float should 
form with the plane of the wheel — whether said issue 
should be an inclined plane or a curve — and what curve 
— and whether the issues should pass directly through 
in a line with the axis, or with a draft towards the cir- 
cumference, &c. &c. 

It may be remarked, however, that the more oblique 
the issues are, the nearer the wheel will run to the full 
velocity of the water; and that, by giving the issues a 
draft outward, like the reaction wheel, it increases the 
inclined working area, without diminishing the internal 
pressure or increasing the expense of water; and also 
secures a slight advantage from the centrifugal force, 
and a freer clearance from the discharging water. 

In conclusion, we would advise those intending to use 
such wheels, to select from those that have been tried 
and approved, rather than incur the expense of novel 
and untried improvements ; taking care to get them of 
a suitable diameter and area of discharge for the work 
intended; and remembering that they all give a di^ 
charge greater when in motion than when at rest; while 
many of the central discharge wheels give less. This 
fact must be borne in mind, in comparing or testing the 
different kinds of wheels, with the view of replacing one 
kind by another ; as some use more, and some less, than 
the actual measurement of water. And lastly, remember 
that these wheels are well suited to give a speedy, direct 
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Htoiit with a low head, and ample quantity of water, 
bat are not suitable fur a high head, with only a limited 
8upi»ly. 



PThe Bose Wheel. 

A very good modification of the spiral discharge 
wheels last described, is much used in the Northern 
States, and is called " The Rose Wlieel." This wheel is 
made with open issues or buckets, passing obliquely 
through it, like the former, but instead of all tlie issues 
around its whole circumference being exposed to the ac- 
tion of the water at once, like that wheel, the Roae 
wheel is driven by a spout, or water-way, approaching it 
a line tangent to the wheel's circumference. This 
ipout or "boot," as it is called, is nearly straight, being 
mly curved at the end sufficiently to cause the watt-r to 
strike the two or three opposing buckets at riglit angles, 
the peculiar curve of the buckets turning the water in 
tlie op[w)site direction, as it passes through them. 

This wheel id equally well adapted either for a high 
ir low head of water, and either on a horizontal or ver- 

:al shaft. It can be used either singly, or in pairs, 

though a jKiir of these upon an upright shaft would 
bject to the same inconveniences as the spiral dis- 

iflrge wheels in a like arrangement. That is, a space 

ider, for discharge, and a space between, for entrance 
Wilier; then the up-hill manner in which the upper 

'heel discliarges its water. These, together, are sulH- 
Cient to condemn that plan ; besides, a much better and 
cheaper way is to put another equal discharge of water 
upon the opposite side of the same single wheel. 

double chute I have used upon my central dis- 
irge wheels, already described, the principle of which 

sitnilur to these. It gives double power, with but a 
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very small addition of either expense or friction, and 
either one or both chutes can be used, as circumstances 
may require. Both the Rose wheel and central dis- 
charge wheel last mentioned answer well upon a crank 
shafl for a saw-mill, although the double chute cannot be 
used so economically with a horizontal shaft, as the 
curved point of the chute in this case ought to terminate 
at the lowest part of the wheel ; and it is better to put 
on a pair of Rose wheels, facing towards each other, with 
a double boot between. 



CHAPTER X. 

SPIBAL, OR SCREW FLOOD WHEELS, 

These wheels are very seldom used or seen in this 
country, and, in fact, they are but little known, and the 
principle upon which they act but little understood or 
appreciated, except as it is adapted to the spiral dis- 
charge wheel, last described. Their principle of action 
is the same as the screw propeller, which has in a mea- 
sure superseded the paddle wheel in steamboats — ^the dif- 
ference being that the propeller is driven round (re- 
volved, by the steam-engine, and its oblique vanes forced 
against the dead water behind, thus pushing forward 
itself, and everything connected with it, while the screw 
water wheel is located and remains in its place, and is 
driven or revolved by the force of the passing current 
against its oblique vanes, and transmits this motion 
through the gearing to any machinery attached to it. 

To comprehend this similarity better, take a screw 
propeller, and place its axis upon suitable bearings, and 
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parallel with the stream in a strong uninterrupted cur- 
rent, and entirely submerged, and it will furnish a mo- 
tive-power to drive machinery — the amount of power 
being in proportion to the area of the viines, and the 
force and velocity of the passing current. These remarks 
ore only intended to illustrate the similarity of the two 
principles, and not to recommend the propeller as a suit- 
able flood wheel, because the action of eiich being ex- 
actly contrary to the other, like the steam-engine and 
force-pump, requires a modification in structure and de- 
tails, to fit either and each to its particular purpose. 

We have put in several of these wheels to drive light 
machinery sometimes in comparatively small rivers, and 
never failed to get the full power calculated and re- 
quired. As little could be learned from the experience 
of others with regard to these wheels, we had recourse 
to experiment, and found that much more power could 
be obtained by making separate detached vanes or wings, 
thinned off at the edges — like the blade of an Indian 
paddle — than by placing a close continuous thread of a 
screw around the shaft the entire length. The reason of 
this is, that the first or up-stream end of tlie solid screw 
breaks the force and spreads the current, so that little or 
nothing is gained by extending the screw and shaft fur- 
ther down stream : while detached vanes, like those re- 
ferred to, allow the water to pass on each side, which 
keeps up a continuous flow of current clear to the ahaft. 
This current, though partially checked by the vanes, ia 
restored by mingling with the uninterrupted current all 
around, and ready to act with full force upon other de- 
tached vanes, placed further down on the shaft; and by 
extending the shaft, and a judicious distribution of these 
vanes, or paddles, along its whole length, a portion of 
the force and velocity may be abstracted from a large 
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f water, and applied tc 
iiig a power sufficient for a grist or ft Siiw-raiU, or any ordi- 
nary machinery. The whole-thread screw checks only 
a volume equal to its own area, and does not get the full 
benefit of that, owing to the dead water behind the 
v;ines, against which they worlt. For some further 
ference to these wheels, see the chapter on the Undershi 
Wheel. 

When such wheels are made to work in a rapid cui 
rent, the vanes may be set more obliquely in the dii 
tion of the etream; but for a current comparatively- 
slow, the ends should point nearly across the stream. In 
all cases they should be '• weathered" in regular propor- 
tion as they approach the shaft (centre) ; that is, a kind 
of nuiuld-board twist — like the vanes or sails of a wind- 
mill — which gives to the inner end, moving slowly in » 
small circle, coiisidenible obliquity, and diminishes it 
gradually towards the outer end, which moves swiftly and 
in a large circle; and here the face of the vane, or sail, 
should stand nearly in the direction of the plane of its 
motion. This subject is referred to in the chapter on 
the Spiral Discharge Wheel, and the subject of weather- 
ing tlie vanes being fully discussed and explained in the 
chapter on Wind-mills, need not be repeated here. 

The motion is sometimes taken from these wheels to 
the machinery by an endless chain, composed of alter- 
nate open and close links, graduated to the same equal 
step, and working around and connecting two clutch 
wheels, one upon the wheel in the water, the other upon 
the machinery to be driven. These have projecting 
clutches or cogs around their circumference, at erjuol 
distances, corresponding with the open links of the 
chain, which step into these to prevent it slipping, like 
the chains in a tread-horse power, or the feed chain 
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be xbort, or nearly perpendicular, it must be furnished 
with n tightener, becau!*e it stretches fast, especially 
when first used. There are (*o many links (joints), that 
a little wear in each is multiplied considerably in the 
whole length. If the chain be of some length, and 
nearly hurizontal, it will not require a tightener. We 
have fretjuently driven four and a half feet burr mill- 
stones with such a chain. It is not equal to a belt, for 
swift, light motion, but answers well for a slow, heavy 
motion, and can be used in the water, where a belt is 
useless. 

Such chain gearing, for the purpose under considera- 
tion, answers well in warm weather, but is an everlast- 
itig source of trouble in frosty weather, as it is continually 
carrying up water suflicieut to cover with ice everything 
within the reach of its influence. For this reason it 
It better to place a narrow-rimmed cog-wheel around the 
down-jstream end, and take the motion from this by ii 
pinion and shaft. This is more reliahle at any time 
than the chain, and gives no trouble with the ice, the 
lower enfl of the sliafl and pinion being — like the water 
wheel itself — wholly under water; the only part exposed 
to ice is at the surface of the water. The whole struc- 
turt* must be guarded by a boom, or breakwater, placed 
obliquely up-stream above it, to shoot floating ice or 
flood-wood past. If a gear wheel of large size be placed 
on the water wheel, its arms should be placed at an 
angle juid weathered, like the vanes or paddles; it will 
then help as much as hinder the revolutions of the 
wheel. 

Mills of this kind, driven by the current of a river, 
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have been coramon in some parte of Holland for several' 
generations. These Dutch mills are Bometimea built to 
float upon the water, and can be moved at pleasure to 
any other euitable locality. They are anchored in a 
rapid of tlie stream, or made fast to the shore, and pro- 
vided with a gangway to communicate with the land 
when custom begins to fail in one place, they remove b 
another ; and thus possess a decided advantage over mil] 
built upon terra Jtrma. 

The first machinery that we ever saw driven by 
wheel of this kind, was a grist mill of three run o1 
etones. It was built upon the Genesee Kiver, perhaps 
midway between the city of Rochester and the Allegha- 
nies. It was before the Genesee Valley Canal was made, 
and boats passed up and down the river past the mill. 
Tlie mill wdb built with one end on the bank, which 
was perliaps twenty-four feet high ; here the door com- 
municated with the road; the otlier end projected over 
the river, and was supported upon naked posts. In the 
rapid under this projecting end of the mill the flood- 
wheel was placed, A bevel pinion, without arms, was 
placed upon the down stream end of its wooden shaft, 
and another wooden shaft, with a corresponding pinion 
gearing into the first one, stood up perpendicularly from 
this end, both shafts having their bearings in the same 
wooden block ; this perpendicular shaft reached up to 
the mill fioor, and had a large spur wheel at the proper 
distance from the upper end, around wiiich the three 
run of stones were placed, and by which they were 
driven. 

The shaft of the water-wheel was eight or nine feet 
long, and fifteen inches in diameter. The screw was of 
one continuous thread, standing out something over two 
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feet from tlie shaft, and was composed of pieces two and 
a bftlf or tliree inches tliick; each piece being narrow at 
the end next to the shaft, and spreading out wide at 
the outer end, to close and complete the circuit. They 
appeared to have been split out of a winding or twisted 
tree, which gave nearly the required weathering or 
mould-board shape, with little dressing, and the narrow 
end of each piece was tenoned and morticed into the shaft. 
Awidebarof iron was bent and fitted to the proper shape, 
ftnd spiked securely around the outer edge of thiei continu- 
ous screw, thus fastening the outer eudii of all the pieces 
composing it together, and making one piece help another. 
This wheel was inclosed in a plank box, open at both 
ends and top, except when a large gate cloi^ing the 
whole up stream end, was shut down to stop it. This 
stopped the current through the box, and the wheel 
stood still; when the gate was raised, the current was 
renewed, and the wheel started. 

When we were at this mill, it had been idle three 
weeks, on account of hack water ; the waters were abated, 
and it had just started. It was situated near the head 
of the Genesee Flats — these extend along the river for 
twenty miles, and average four miles in width — when 
tbe spring freshet comes down frum the Alleghanies, it 
first fills the river channel, which is from twenty to 
thirty feet deep, and then floods the whole flats to the 
depth of several feet; this causes dead water at the 
bottom of the channel, and accounts for stopping the 
wheel, and thus explains the mystery. 
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CHAPTER XI. 



MILL DAMS. 



A VERY important appendage to almost every mill is 
the dam, and the failure of the dam from defective con- 
Btruction, or other causes, has spoiled more mill specula- 
tionsy and ruined more mill owners, than any other defect. 

It is in many situations a very expensive item, and in 
some it is exceedingly difficult to make a dam that will 
stand ; there are such differences in situations^ and such 
a great diversity of surroundings to be taken into account, 
that it is impossible to give any general rule or direc- 
tion that will apply in every case. The situation and 
circumstances must determine, in a great measure, the 
materials of which it should be constructed : whether of 
logs or stones, of timber and plank, or earth, or of part 
or all of these combined ; and the solving of the pro- 
blem, how, and of what materials to construct a dam, to 
be most economical and safe, is often the most severe 
task and te^t of the experience and ability of a mill- 
wright. Still it is quite common fur a man of good 
sense and judgment in other matters, to imagine that 
little skill or experience is necessary to construct a dam, 
and with the assistance of a few laboring men, he will build 
his dam, at the same time that he employs experienced 
millwrights to do the rest of the work. But it is need- 
less to say much on this subject, as some will see and 
acknowledge the truth of these remarks at once, while 
others will only be taught by the expensive school of 
experience. 




We will prncet'd to describe eeveml different plane 
for conRlructin;! dams wilU difleient mattiriitls, and begin 
wilh Ug Dams, Fig. 31. These, in a locality where 
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timber is plenty, are cheapest, and easiest to build. If 
the bottom be rock or other good foundation, begin by 
laying a large log across the stream, at the down-stream 
face of the intended dam, this you will extend from 
bank to bank, by laying one log at the end of another, 
having each piece as long and large as possible, taking 
care to clear tiway everything that will wash out from 
under, and where hollow places occur, put short logs 
across under, so as to give it a safe foundation. Then 
put short logs across this six or eight feet apart, their 
butt ends lying upon the log and their top ends upon the 
ground, up stream from this ; you will now place another 
tier upon these, above and parallel with the first one, 
but inclining slightly up stream ; then another set of 
short ones, their butts upon the last tier, and top end 
upon the ground beside the first cross ties. These must 
be a little shorter than the first ties, to admit of laying 
a smallish log on the ends of the first ones, and up into 
the angle formed by the second ones ; you can now lay 
"skids" upon these small logs, and proceed to roll up your 
third tier of large logs, along the faces. Care must be 
taken to notch them a little where they cross each other, 
to insure their laying safely, or block them secure with a 
stone or piece of wood where the small ends come. 

Your next tier of ties must be notched well down at 
the small or up-stream end, and you must proportion 
your two parallel tiers of logs and these ties, so that the 
front or breast will rise enough faster than the rear, to 
keep it like a portion of an arch, and have the cob- work, 
when finished, fit the rafters ; that is, the larger tier of 
logs at the breast should support the rafters near the 
top, while the smaller tier at the rear, should support 
them near the middle, and the lower ends of the raften* 
rest upon the rock or bottom. It will be seen that a 



jastwork, so constructed, is like a portion of an arch 
circle, of which the foot of tlie ral'tor is the centre, 
d the front of the breastwork the circumference ; and 
9 more weight ia put upon it the stronger and more 
lid it becomes. Care must be taken not to carry it 
> high, or Bteep, for the length of rdftcr (or radius), as 

that ciise the force of water behind might slide it 
ray in a body, 

3f logs are convenient, this may be covered with them, 
:e rafters, touching each otlier, taking care to fit thera 
lU and chink the cracks. The mosa on treea and old 
[S, in damp places, is good to chink these crack.", as it 
»W8 and increases in such a place, instead of washing 
I. Cedar bark, pounded soft like oakum, ia also good, 
ich a covering requires but little gravelling to make 
tight, as the pres-ture of the water forces the packing 
n into the seams formed by the round logs, where 
is not easy to wash it out, or displace it by any other 
eans. 
Such a dam is cheap, strong, and durable, where there 

a constant supply of water ; but on small streams 
We to dry up in summer, and allow the logs to dry 
d heat and check, they very soon rot, and are there- 
re not to be recommended for such a situation. 
Where logs are not so easily obtained fur covering, 
ace rafters about three feet apart, upon the cob-work, 
th the butt ends down, and plank crossways upon 
BK US in Fig. 32, using thicker planka near the 
ttom, if the dam is deep, while thinner ones will 
Bwer near the top, except where the water is intended 

run over, where strength is required to withstand the 
i, fiood wood, &c. The lower planks should be scribed 

rn carefully to the bottom, and all the others bevelled 

put one-eighth uf an inch off the upper or inside 
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corners, and Iialfway through to allow dirt to get in to J 
make it tight ; the ends should be sawn open inside 1 




also. If the plank were partly seasoned, and put on 
with pins, each pin being draw-bored a little, to pinch 
the plank tight, then a little gravel along the boltom, , 
and a little sawdust stirred in when the water is first ] 
raised, will make it tight. Pinning and draw-boring 
a tedious process, however, and it is more common now J 
to spike the plank on and cover with gravel. 

Great care must be taken with this, as with every J 
other kind of dam, to splice it securely on to the bank,, 
at each end, and une principal consideration should be i 
to attach it in such a way, that, as tlje dam settles down, 
(;is it certainly will, to some e.xtent), it may settle on to ( 
the bank, and secure it as much as possible against frost, , 
and not au-a// /rom it, to cause a crack. These ends^j 
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aid the place where the waste water runs over, are the 
most difficult parts to secure. 

So far, we have euppused the dam to be built upon a 

rock, or olLer good bottom, and in such a situation 

Jtiiere is little trouble with the waste water; but upon a 

bottom it is a very different aifair. A carefully 

instructed eh ute and apron are then indispensable; and 

k some bottoms, composed of »and or mud, it is neces- 

Lry to drive piles to a great deptli, and across the whole 

Kadlb of the river, to get a foundation sufficient for 

■lUding a dam. In one instance a double tier of these 

plea was driven by machinery, the first twenty-five 

let long, and the second row breakinj^ joints upon these, 

fteen feet long ; these were driven into the quicksand 

nth the lower ends slightly inclined up stream, and the 

ipB bolted to ft stick of timber. Vpon this the dam was 

milt, composed of crib-work of timber filled with ^tone 

t the centre, ejich end being iianked by a wing of frame- 

ktrk, rafters and plank. The whole channel, for some 

istaiice above, was filled up with "fascines," and the 

banks below were protected by the same means. 

These fascines are small bundles of brushwood, tied 

- up by three withes, about a foot apart. They are 

placed in courses like shingles, each course overlapping 

oiother, the upper end inclining down stream, and each 

l)uadle fastened down by three stakes. These stakes 

are three or four feet long, the small end sharpened and 

I a pin hole bored through the butt end, in which a pin 

Babout eight inches long is driven. These Htakes are 

^birust through the fascines, one at each withe, and in 

"an oblique direction, being enterea above the witlie, and 

passing through below it at the under siae. They are 

driven down by wooden mauls, until the pin comes upon 

i withe, and hugs the whole bundle down tight. 

11 



up 
Bplac 
^^ol 




162 KILL DAMS. 

Another dam, in a similar situation, was afterwards 
built, without the pile work, the bottom and edges being 
protected by fascines alone; this dam has now stood for 
many years, and appears to be safe and durable. And 
yet another was made by rolling in loose stones, large 
and small, just as they came, mixed plentifully with 
pea-straw, until the channel was filled catopletely up, 
and formed a rapid. This last stands equally as well as 
the others, except that a large tree imbedded in the bank, 
which was not discovered at the time, caused a small 
break the first season. 

These dams are all upon large streams emptying into 
Lake St. Peter, in Canada, near the sandy north shore 
of which lake they are constructed. It is worthy of 
remark, that all these streams carry a large amount of 
sand and mud in solution in their waters, especially 
during freshets, which very soon fills all the interstices 
in these fascines, or pea-straw and stones, and renders 
the whole mass solid and compact. This result would 
not take place in a stream where the waters were clear 
and free from sediment, and the filling would have to 
be supplied as the work progressed. 

A very good way to make a foundation for a dam 
upon a soft bottom where timber is plentiful, is to lay a 
tier of long logs lengthways of the stream, and touching 
each other all the way across, and build the breastwork 
of the dam upon the up-stream end of this causeway, 
allowing the rafters and covering to run down past the 
end, to prevent the water from getting under it. The 
down-stream end forms the apron for the waste water to 
strike over upon. Care should be taken to fit the foun- 
dation logs well down, as they will not accommodate 
themselves to inequalities in the bottom, like the stones 
and straw, and they should be placed as low as possible 
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I insure their being always wet, and thus protected 

1 decay. 

I In a locality where stone is plentiful, a stone dam 
Kiy be the most suitable. There are several ways of 
biiftructing these. Where the foundation is good they 
hay be built nearly perpendicularly on the face, an 
incline of two inches to tlie foot being sufficient. The 
back part may be carried up with considerable incline, 
making the wall quite thick at the bottom, and then 
filled up with earth behind, so as to make the surface 
considerably flat. In this case a bond timber should be 
built into the wall several feet from the top, on the up- 
stream eide, and another along the top, and the space 
planked between these, at least as far as the water is 
intended to run over; otherwise the force of the water 
will carry the earth over near the top, and displace the 
stonework. The best and safest way is to place rafters 
upon the stonework, and plank upon these, the same as 
with a log or frame dam. 

The following is an excellent method of constructing 
a Btone dam, where the bottom is not fit for an upright 
face, tike the last mentioned. It requires a good deal of 
material and labor, with little other expense. Commence 
by laying a tier of large flat stones across the stream, 
below the point intended for the brink of the dam, then 
fitl to the level of this tier for a considerable distance 
up stream, with gravel or stones of any size or shape, 
anything in fact that will not wash or waste away. 
Now lay another tier of flat stones across the stream, as 
before, on the top of the first tier, but receding up 
stream; say si.x inches from the edge of the first, if the 
fftones are thin, and more if the courses are thick, calcu- 
liitiDg for each coume according to the thickness, to bring 
■ the declivity equal ; fill up level on the up-stream side, 
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by dumping in eis before, and it is ready for the thii 
course. Thus proceed, step by step up stream, until the 
dam is of the required height, when a slight coat of good 
earth will complete it. The water may run over such 
a dam the whole length, and i», therefore not liable to 
waf'h the earth over, as it will where it must all run 
over a narrow apron. Such a dam, when completed, 
and the water running over, has the appearance of a 
natural fall over a ledge of rock, being so thick at the 
bottom, and the water flowing down the incline, broken 
by the steps or ledges of the different courses, makes it 
the safest and most durable dam that can be made. 
Another very important consideration in favor of this 
kind of dam is, that the dam is complete and e\ 
any height; it may be built only a few courses 
the first season, and when time and circumstancea 
favorable, it may be increased again and agaJn^ unl 
is completed; while almost any other kind of 
requires the expense and labor for its full torn] 
to be laid out at once, before it can be used, or 
tried with safety. 

Any stone dam is stronger and safer to be built 
slight bow or arch up stream, the ends being well 
into the banks, which answer for abutments. Tfaiflfo 
directs the overflowing water towards the centre of (lie 
channel, thus saving the banks from washing, and iaa 
dam like that last described, where the water is flowing 
over the whole length, it ha? a very fine appearance. 

Any kind of dam is stronger and eafer to he curved a 
little up stream, but when built of wood, either frame 
or logs, or cribwork, this form is more difficult to con- 
struct than a straight line ; for this reason, as well as iti 
being the shortest, the latter is generally preferred. 

There are several diflferent ways of constructinf 
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hme dams. Where the bottom is gooJ and level, 
nmes may be made in a triangular form like a drag, or 
few land harrow. These are placed with the narrow 
bd up stream, three or four feet apart, and in a line 
tiva bank to bank, and planked up along the upper 
gle. If the bottom is good these may be placed upon 
I without any further preparation ; but if soft or uneven, 
I tier of timbers must be laid down across the whole 
istance, one under the point, and another under the 
fide or dowu-atream end of these triangular frames for 
f foundation, as in Fig. 33. 




i 



I In situations where these foundation timbers are 
Mnd to be necessary, the following plan will be more 
ionomical. Place one tier of.timber across the stream 
[ the breast, or down-stream side, another tier at the 
p-stream side or foot of the rafters, and a third tier 
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the middle between these. Frame pt^sts into the down- 
stream and middle tier of timbers, to support another tier 
above and parallel with these, the posts slightly inclined 
up stream ; the first tier of posts being sufficiently long 
to raise the timber they support, to the intended height 
for the top of the rafters. The posts to raise the centre 
timber to be framed of proper height to range with this 
last and the bed piece under the foot of the rafters. This 
arrangement gives three supports for the rafters, at the 
foot, top, and centre ; and by notching the rafters slightly 
down upon these points, it binds the whole framework 
together sufficiently strong when the planking is fastened 
on, and the weight of water comes upon the whole, to 
make it safe and secure. This is probably the cheapest 
and easiest way of making a frame dam, as the timber 
requires very little preparation, and the work of framing 
is comparatively small. 

A strong and substantial dam may be made of crib- 
work, filled with stones. This is made by placing 
two tiers of timber parallel with each other, at a proper 
distance apart, and dovetailing ties across between them 
at certain distances to bind them securely together, and 
then filling the space with stones. The sides are built 
up with some incline, and it is planked on the up-stream 
face to make it water-tight, beginning at one end and 
running the plank down endways to the bottom, and 
spiking them on to the cribwork. 

This dam can be pushed across a stream where the 
water cannot be got rid of, or is too deep to build other 
kinds with advantage. A portion of the crib can be 
built in the water at its place, or on the water at a more 
convenient place, and floated to its destination, and 
sunk with stones. We have seen such a dam built 
across a large river, above an old dam, and in the dead 
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water of the pond. The criba must be open at the 
bottom, and the atones being tumbled in loosely, settle 
doivn into the inequalities of the bottom, and keep It 
secure. Even if the foundation should wash out in 
parts under these cribs, the loose stones will settle dawn 
into the cavity and fill it up, and all that is required is 
•to fill the crib again with stones to the surface. This 
dam mny be planked over the top, and is then safe with 
any quantity of water flowing over it, 

In some situations, and under certain circumstances, 
an embankment of earth is the best and cheiipest dam. 
We have built such dams where the embankment waa 
'almost completed by ploughing and scraping, requiring 
only a little earth wheeled or carted on to finish it. 
Care must be taken to provide a good waste or flood- 
gate, to allow the water to pass off freely during the pro- 
gress of construction. A neglect of thia precaution 
caused the writer much loss and trouble with his first 
dam of this kind. We turned the water out of the 
channel above the place, and carried it past in a ditch 
along the bank, and then placed a tube at the lowest 
part, under the embiiikment, to carry off the leaknge, 
intending to have a dam perfectly tight; as it was a 
small stream, although subject to sudden fioodm. Twice, 
during the process of construction, a heavy rain caused 
such a flood that a large portion of the earth wua swept 
away, and it was with much difficulty that we succeeded, 
the third time, in getting the waste wier completed for 
the safe overflow of the water, when the third freshet 
occurred. Since that, we have always placed a flood- 
gate the first thing, in commencing such a dam ; by 
phicing the bulk-head frame and gates on an incline of 
45 degrees, or even leas, it may be gravelled and made 
perfectly tight, and is of great use after the dam is fin- 
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ished, in relieving it during a freshet, or in empt 
for repairs, &c. 

Great care and some experience are required in the 
construction of tlie waste wier for such a dam, as the 
frost, by heaving up the earth at each end, is almost 
certain to raise and displace the timbers and planking 
of the wier, and allow the water to work under. The 
best method of eecuring such a wier, or similar connection 
between earth and woodwork, is the following : Dig a 
trench across the wier, canal, or whatever It may be, deep 
enough to be below the frost, and a safe diiitance into the 
bank ; place a stick of timber in tliis trench, and spike 
tier of plank on it, of such length as will reach nearly 
to the surface. Place a similitr stick across at the surface, 
over the top of these planks, and place another tier of 
plank flat against the first, breaking joints with them, 
and spike this last tier to the upper stick. The first 
tier of plank being fastened at their lower ends to the 
stick at the bottom, and below the frost, will remain 
there, while the other tier being fastened at their upper 
ends to the stick at the surface, will rise with that stick 
when the frost heaves up the earth and ice; but as tha 
two tiers of plank overlap each other, the surface, timber, 
and plank attached to it may be disturbed, while no crack 
or leak can occur so long as the lower tier remains in- 
tact, and the lap is maintained. This will be found 
the simplest and safest way to connect a spout or flume 
with a ditch or canal, in any situation that is Uable to be 
disturbed by frost. 

An earth dam or embankment of this kind should be 
raised a considerable height above the highest limits of 
the water; and it will add still more to its security to 
cover it with straw, boughs, or brush, to encourage the 
snow to He upon it in the winter. 
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"We have seen dams made of cribs of timber, similar 
to those already described, but instead of being filled 
with stones, and planked on the up-stream side, the 
compartments -were filled with earth. These are not 
always reliable ; the water is very apt to find a way 
along the cross-ties, or under them, as these prevent the 
earth from settling and packing equally; besides, this 
plan furnishes a favorite resort for inuskrats, as these 
mischievous animala work more under such cribs than 
in a bank composed entirely of earth. Where stones 
cannot be had to fill such cribs, and the stream is too 
large to depend on an embankment of earth, the follow- 
ing plan will make a safer and better dam: Clear and 
level the bottom as well as possible for a distiince of 
about twenty.five feet, and from bank to bank, and set- 
tle down three tiers of timbers, their surface level with 
the bottom, and about ten feet apart. If the bottom be 
soft mud or sand, the centre tier of timbers should be 
piled, by driving down planks as deep as they can be 
driven, along the up-stream side ; these planks should be 
grcx)ved and tongued, aa they will keep the line, and 
drive better; they must also be sharpened like a cold 
chisel, at the lower end, and the advanced comer 
bevelled ofif about one-third of the width of each piece. 
This bevel, with the help of a handspike stuck into the 
ground and crowded against the outer edge, will keep 
the tongue in the groove, and insure each piece driving 
in line and in its proper place or position. If the planks 
are narrow and not very long, they can be driven by a 
heavy maul, or otherwise a light tripod or derrick that 
can be easily moved along as the work advances, may 
be fiixed with a pulley or other contrivance to work a 
ram. The piles must be spiked to the sill. 

A range of posts the height of the intended dam, must 
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be framed into the middle and up-stream tiers of timbers, 
if the stream be small and the dam not very high, but 
if more than eight or nine feet, or a very large stream, 
posts should be framed into the third course of timbers 
also. These posts require a plate along the top, and 
the lower tier must be well braced from the down-stream 
side. The framework thus constructed must be planked 
on the insidey and the space between the two filled with 
earth ; earth may also be filled in along the up-stream 
side, next the pond, until it approaches the surface, and 
slanting back into the pond at an angle of 45^. The 
space from the middle to the down-stream tier of sills 
must be planked, for an apron for the water to fall over 
upon from the waste wier and waste gates. This apron, 
where the bottom is soft, must be further extended down 
stream, to protect the foundation from washing. For a 
high dam, or large stream, the third or down stream 
mudsills should have posts framed and planked like the 
other two, thus making a second compartment to be filled 
with earth; and in this Ciise other sills must be placed 
further down stream, for the apron and support for 
bracing. 

A great deal of care has been taken to ram down and 
pack the earth in filling in a mill dam, but this is all 
labor in vain, as the water will saturate and soften the 
whole mass like porridge, and in this condition it will 
settle and pack more equally if the water can be run 
down once or twice after the earth is thoroughly wet 
Unless this is done no earth dam can be depended on 
for any considerable time. 

Probably the most substantial and durable dam that 
can be made, is that composed of large blocks of stone, 
cut and fitted, with close joints, and these composed o£ 
water-proof cement. Such a dam, as already intimate^: 
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made Btroii^er by being made circular, the top of the 
arch up Bfream, and the seams of the different strata or 
courses, should incline or be lowest up stream ; that is, 
these seams should run back at a right angle from the 
face, or inclined front of the wall, instead of horizontally, 
as in ordinary walls. This inclined bearing of the 
courses is necessary for Btability. for the same reason 
that the face of the wall is inclined, viz : the pressure 
being all from the up-stream side. 

Such a dam requires great care in clearing and starling 
the foundation, and splicing it into the banks, and also 
in protecting the ends from injury from the effects of 
ice and frost ; as such stonework conducts the frost to 
a much greater depth than wood. The expense of 
building such a dam, even under the most favorable 
circumstances, is too great to admit of its general use 
for ordinary mills, and restricts it to large establishments 
in cities and villages, where the value and amount of 
business will warrant so much outlay for a dam. 

Piers of some kind are often, although not always, 
required at the ends of a dam, to make a safe splice to 
the bank, or to protect the bank from washing away in 
case of great freshets or fioods. These are generally 
made of timber, in the form of cribs, nearly perpendicu- 
lar on the face ne.\t the stream or main dam, and on 
the up-stream side. These two faces are planked water 
tight; the other sides are of a shape to correspond with 
and splice to the bank, whether that be of rock or earth, 
the crib being strongly built and bound together with 
croas-ties, and the whole interior filled with earth or 
Btones. 

Such piers are only required, when from the nature 
of the bank, a tight substantial joiuiug cannot be made 
between it and the main dam : as when the bank is 
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composed of a seamy or shelving rock, or a loose, friable 
sandy or other soil. Of course the situation must deter- 
mine the size and form of such a pier, but the height 
must always be considerably above the highest water 
known or expected. This precaution is rendered neces- 
sary by the excessively high freshets which are known 
to occur in almost every stream in this country, as the 
forests around their sources become cleared off, and the 
land along their courses levelled and smoothed down by 
cultivation. 

While the forest remains in its primitive condition, it 
not only prevents, by its shade, the snow and rain from 
melting and evaporation by the sun and wind, but it 
also causes the earth to absorb and retain the moisture 
like a great sponge. The leaves, which cover the ground 
like a thick carpet, commence the process of absorption, 
which the soil completes by the help of the trees. To 
understand this, we have only to observe the action of 
these trees during a storm ; as the top and trunk are 
swayed to and fro by the wind, the roots and soil as far 
as these roots penetrate are heaved up and let down 
alternately, until, if the tree is not overturned, tearing 
up the roots and earth with it, the soil is at least loosened 
and rendered sufficiently porous to drink up the rain 
and melted snow, which is gradually let off by springs 
or otherwise, into the swamps and streams. The heights 
and hollows made by turned-up roots of trees also tend 
to prevent the water from flowing freely off the surface 
of the forest ; while these are all demolished by the 
plough and harrow, and furrows and ditches, and every 
facility is given the water to run off as speedily as pos- 
sible. 

The clearing of the forests and the cultivation of the 
soil are the true causes of the many old mills to be seen 
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J parts of the country, idle and in ruins, tlint were 

librraerly busy with Hfe and the lium of machinery. The 

1 channels are nearly or quite dry at raidsummer and 

lidwinter, and are filled to overflowing during freshets; 

nd for the same reason people now find it necessary 

upon some rivers, to build their bridges higher, their 

dams lower, aud their hooma and breakwaters stronger 

I formerly. 

These booms and breakwaters are necesaary to direct 

land control the logs and timber, and also in some cases 

i ice and fliwdwood. It requires much experience 

nd good judgment to locate these properly, hut after 

heir plan and position are decided upon, there is little 

:ill required in their construction. The breakwaters 

^re generally piers or cribs of timber filled with stone, 

jid of sufficient strength to withstand the current, with 

ice and floodwood, and also the strain upon the 

loms which are fastened to them. The booms are 

mode in various ways, according to circumstances : wlien 

merely intended to stop bodies floating upon the surface, 

I single stick is euflScient; when intended to intercept 

undercurrent, then several sticks, one above the 

ler, are required. A good and simple way to make a 

fcorfoce boom is to make it of single and double sticks 

alternately, choosing the largest sticks for the single 

To connect them together, bore two large auger 

through each end, about six inches apart, aud 

mortise the piece between, taking cure to have the paira 

f equal length. Place the sticks with the end of the 

gle one in the middle, the others on each side, with 

he mortises ail in line, and drive a good hard wood 

through the three, with a pin through each end. 

There the boom is intended to rise and fall by the ebb 

I flow of the water, the pins should not pass through 
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the timbers, but oiiI_y through tlie slats, so as tO" 
the splices to yield, and the boom will accommodate 
itself to the surface of the water or ice, the fajsteiiinga 
nt the ends being allowed a little play for that purpose. 
The sticks componing such a boom may be squared, or 
left round j they ought at least to be flattened on the upper 
Bide, for convenience of walking upon them, and it will 
add considerably to their safety to spike a tier of plank 
along the top of the timbers, the whole length. 

Anotlier tippendage to the dam is the apron or slide. 
This is always nucessarj' where logs and timber have to 
be run over, but upon a rock bottom, where no timber 
is to be run over, the apron may be omitted. Upon 
all bottoms of earth or loose stones, some kind of apron 
must be interposed to break the force of the waste water 
lulling over, otherwise it will eventually undermine 
the foundation and destroy the stability of the dam. 
When only required to protect the bottom and founda- 
tion, it will be best to make it flat upon the bottom, by 
placing long timbers across the stream, and covering 
these by cross timbers or strong planks pinned or spiked 
on, lengthwise of the stream. Unless this last covering 
runs back under the dam, it will be necessary to extend 
it up along the breast of the dam, at least far enough to 
prevent the water from dashing back under, and dis- 
turbing the foundation. On a small stream, not subject 
to great floods, this apron need not be the whole width 
of the channel, but on large streams that are subject to 
great freshets, it is best to have the waste wier as 
wide as possible, as the extra width allows the increased 
quantity of water to pass over with leas perpendicular 
rise. 

Where a chute or slide is required to facilitate the 
paitsage of timber, it ought not to be made wider than ie 
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required to pass the criba safely, aa it is desirable to 
have a good depth of water, and the entrance to the 
chute must be lower than the rest of the dam ; of course 
the narrower that entrance is, the greater will be the 
depth of the water in it, and this lower entrance can be 
raised to the level of the rest of the dam at low water, 
hy movable flash boards, to be removed when a flood is 
expected. The slide may be a single inclined plane if 
the dam be not very high, but on very high dams, two 
or more of surh inclines, with a fall or jog between, are 
better; as tlifse falls tend to breiik the foice of the 
water, and thus diminiNh the velocity of the passing 
timber, and let it over more safely. 

These slides require to be strongly made of good 
timber, well pinned or bolted, and upon substantial 
cobwork, well secured witli cross-ties. If the founda- 
tion is rock with a decline or fall below, these cribs may 
be sufficient without filling; but upon a loose foundation, 
or one subject to back water, the foundation might be 
undermined, or a whirlpool or eddy formed by such a 
chute entering the deep back water, might lift the whole 
fabric, and carry it away entirely. (This I have seen.) 
In such a situation, the cribwork must be completely 
filled with stone, which will protect it against either of 
these ciisualties. 

The movable flash boards mentioned above, are a 
Valuable addition to almost every dam, especially where 
there is any deficiency of water. The main dam is 
made considerably below the high-water mark, to allow 
the surplus water to pass during a freshet, then by 
placing pins or other supports at proper diatunces apart, 
along the brink of the dam, a tier of plank of any 
suitable width may be placed on edge against the sup- 
ports, and made tight; this will raise the water over 
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the whole surface of the pond the depth of these planks. 
The extra head thus acquired is a good help when 
water is scarce ; besides the extra quantity retained, for 
we must remember that an inch or two on the surface 
of a pond often contains as much water as a foot near 
the bottom. Whenever high water is expected, these 
flash boards can be removed and laid aside until again 
wanted ; the supports may be left in some situations, in 
others they require to be removed. Where much 
timber, logs, or ice pass over a dam, a good piece of 
timber should be fitted and well fastened along the 
whole brink of the waste wier, and also across every 
point of the slide where the timber, &c., breaks over ; 
these sticks take the wear and tear, and when worn out 
can be replaced by new ones, and thus protect the per- 
manent timbers of the dam. 

In some cases the water continues low and stands so 
near the same level during the severe winter weather, 
that the ice gets firmly attached to the whole surface of 
the dam, and if a sudden rise of water should occur 
under such circumstances, it would raise the ice, and 
most likely a portion of the surface of the dam with it. 
To prevent such an occurrence, the ice should be cut 
loose from the dam occasionally, and kept clear, espe- 
cially when a thaw is anticipated. When the ice 
becomes very thick and strong it will sometimes crack 
or otherwise injure a dam by contracting during a 
sudden and severe cold term, and for this reason alone 
it should be occasionally cut loose during the winter, as 
it will then give way at the weak line, where it has 
been cut^ and save the dam from injury. 
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CHAPTER XII. 

S A W.MILLS, 

The EngliBh Gate. 
"The business known as the " Lumber Business" is 
I extensive and varied, and ita ramiriciitiona ]>eiietrate 
^nd extend throughout ail the flubdivifiiocs of this vast 
continent to such a degree, that few, if any, of the 
otlier branches of trade can equal it in magnitude. But 
with all the different divisions of this vast trade we 
linve little or nothing to do, excepting the simple pro- 
cess of sawing tlie different kinds of logs into the various 
grades of lumber. The almost infinite subdivisions 
which these grades have now a-ssumed, from heavy tim- 
bers and plankti, down to laths, shingles, veneers, and 
even miitclie,-, with tlie innumerable variety of machines 
which human ingenuity has devised to facilitate the 
manufacture of all these, would fdl a volume as large 
as this is intended to be, though merely giving the very 
Hhortcnt intelligible description of tliem all, which would 
l>e ft fiat that no single individual could ever hope to 
acrnmplish. We will therefore only attempt to describe 
a few of the most important, and begin with the common 
" English Gate." 

When nothing more than a single gate is intended to 
put in, the frame is generally about forty feet long, 
twenty feet wide ; the lower story from eight to 
ighteen feet high, according to the heiglit of the banks, 
nd the head of water. Two sills are first placed in (X)si- 
with five posts \n each, the two up stream, and the 
12 



two down (itreara pairs having benms frftmed across li 
tween tbein, anil well braced; the centre pair has n 
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top of these posts, and three cross-timbers dovetailed 
into these sfrenk sills, one at each end, and a very heavy 
stick, called the fender sill, across the middle. A pair 
of posts and a beam, of modernte eize, are raised npon 
each end sill, and a large pair of posts, with beam to cor- 
respond, called the fender beam, raised over tlie large 
centre sill ; this heavy centre bent is called the fender 
bent, because the fender posts, upon which the saw-gate 
works, are attached to it. A pair of plates placed upon 
the top of these second story posts will complete the 
frame ready for the rafters ; girths are put in around 
the frame between the posts, both above and below, at 
proper distances, to which to nail the upright board 
covering; this is the eimplest and cheapest frame that 
can be made for a common saw-mill. When the mill is 
intended fir two gates, or more machinery of any kind, 
the frame must of course be larger, and other posts and 
beams must intervene between those mentioned, and 
another stick of timber must be framed in between the 
large centre post and the comer post, at a proper height 
for the log way, with a short post between it and the 
plate to receive the end of the extra beam. Some prefer 
placing studs between the posts, at proper distances, to 
nail to, and to put the boarding crossways and clap- 
board over these. 

The flume may now be put in, and for a foundation 
for it and the machinery, place two large mud sills 
lengthways of the building running down stream past 
all the machinery, or as fir as the building extends, and 
up stream at least several feet past the water-wheel, the 
further the better and under the bed timbers of the flume. 

If the bottom be rock, these mud sills require only to 
be fitted to it, but if composed of loose stones or earth, 
flattened sticks will have to be placed under them, and 
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sunk into the foundation, one across under the 
shan, and others at pruper distances up nnd down 
Btream ; these, if the foundation be not safe, may extend 
acrues the whole width of the building. These mud 
Hills must be placed at the proper situation and distance 
for the plumb blocks upon which the crank and joumaU 
of the water wheel revolve, and must correspond with 
the saw gate and carriage above. The bed timbers of 
the flume may now be placed with one end on tliesa 
mud fiills, about two feet back from the crank-shMft,-' 
leaving room for the baulk head posts, which must bctj 
framed down into the mud sills with strong double; 
tenons, and either dovetailed and keyed, or well pinned, 
or both — na one end uf the binders which hold the crank- 
shaft and wheel in place, is fnimed into these posti 
The bed timbers run up stream to the head gates, 
the whole length of the flume. Sills, posts, and caps ui 
then frumed of the requisite height and width to con 
spond with the baulk head posts, and placed upon these 
bed timbers, three or four feet apart, according to the 
strength required to withstand the bead of water, and 
this portion will be ready for planking. The baull 
head posts require two or three girths framed aero: 
between them, and a cap across their top : this cap must 
have a recess rabbited out of the under side and up 
stream corner, to form a bearing for the ends of (he 
front planking, which go up and down instead of aci 
like the rest, and the cross girths for the same reasoi 
must be near tlie outside of the baulk head posts, to- 
allow the ends of the side planks a hold upon these 
posts. The breast girths should be made with double 
tenons, one to go across the outside of the post, 
other into a mortise about two inches from the face 
the post, and fastened to it by a bolt; this secures th< 
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requiBite space inside the posts, and also preservea the 

full Btrength of the girth. 
I This whole structure must be placed some distance 

^B up stream from the line of the fender sill and beam, 
^m because the fender posts are attached to that up stream 

side, and the friction guides, upon which the gate works, 

bring it still further np stream ; and this point must be 

I ascertained, and a plumb line hung from the centre of 
the lower bar of the gate, where the pitman ih attached, 
will indicate the spot for the centre of the crank and 
shaft. The baulk heads must be placed some dis- 
tance further off, so that the bearings cut in the plumb 
blocks and binders, for the crsink and journal, may not 
be too close to the end. These plumb blocks and bind- 
ers may be four to six feet long, and of a size propor- 
tioned to the bearings ; a tenon may be made on the 
one end, and let into a mortise between the double 
tenons on the foot of the baulk head posts, and a facing 
may be cut in these posts, ns deep as the dovetail facing 
of its own tenons, without impairing the strength, and 
[^ the grip of the binder in this facing will help the tenon, 
^Vand add to its strength and stability. 
^V The baulk head must be stayed by long braces from 
K "the mud sills up into the posts, and pieces of good hard- 
"wood dovetailed into the mud-sills at the proper distance, 
"with key ways mortised through the top, to key down 
the other ends of the plumb blocks and binders, which 
liave a slit cut out of that end of each to straddle these 
pieces ; another key is driven down between the shoulder 
<:>f that slit and the upright piece to hold all solid against 
the baulk head. 

This plan answers well enough where little power is 

employed, but where the mill runs strong, and strikes 

Lwt^iiick, it is not sufficient, and another pair of posts 
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should be set up in place of the short starts, to hold the' I 
plumb blocks and binders. These should run up o^ high I 
as the flume, and have a cap across the top to corre- 1 
spond with the flume caps; then a trimmtir stick caa [ 
be run in between these caps and the overlays support I 
ing the floor and carriage, which answers the double 
purpose of holding the under works down, and support- 
ing the upper. If the mill be large, these posts should 
be continued at proper distances upon the mud sills to 
the end of the building, and two trimmers placed along 
the top of these and each side of the flume, the whole 
length of the building. A good hardwood girth should 
be framed in between the baulk head posts and the next 
pair, about half way up, and right over the binders, so J 
that an extra short post can be keyed in betweea it I 
and the binder to hold all secure. 

The long braces from the mud^sills will, in this arrange- 
ment, he put into these other posts, at or near the cross 
girth just mentioned, instead of into the baulk-head posts, 
as in the other case. The plumb blocks and binders may 1 
also be framed with a large tenon, to pass through a | 
mortise in these posts, instead of the slit, &c., in the 
other arrangement, and a transverse key-way mortised— 
through each, at these posts, to hold them firmly i-x^^ 
place. 

For planking a flume, it is necessary that the planls- ^ 
should be straight on the edges, altliough it is not irKr»- 
perative that they be jointed with a plane ; a good Be*.^^ff 
joint, although it may not be perfectly water-tight ^t 
first, will soon become tight if properly made. There i* 
more or less of foreign matter carried in solution aloicmf 
with all running water, even in the purest spring, tlie 
particles of which are so minute that they cannot be seen, 
but pass freely along with the current, where nothio^ 
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;rucis it ; but when nrreated in their progress, they 
inie in contact, adhere and iiccumulate, forming slime, 
and incrustations upon the bottom and eides of 
le channel, which soon become water-tight. Now if a 
Km occur between the eqwire ttlgc'i of two planks, tliat 
am will he as wide at the outside ns the inside (the 
itside being dry it will be widest), and anything that 
ters the crack will pass through; but suppose you 
ivul the inside comer of these planks off so that the 
itm will be open on the inside an eighth of an inch, 
iving a part at the outside square and close, then the 
im wilt be contraiMing or funnel-shaped, admitting 
ese particles to enter, but pinching them tighter as 
fey pHffB through, and that seam will soon be, and re- 
!lin, perfectly tight. We have Been a flume planked, 
ly running off the inner corner of the seam wttli a 
awehiive, ttnd spiking them on, the ends being »awn 
veiling tlie eamo way, to leave the joints open inside, 
hen the water was fir»t let in it leaked like an old 
Bket, but by shovelhng in a lot of sawdust, it became 
ite tight in a few minutes. 

The water ways to convey the water from the flume 
the wheels, as well as the i/aU" for opening and clos- 
j these, with the modes of working the latter, will 
Ipend upon the kind of wheel used, and more informa- 

i may be found in our detailed description of the dif- 

nt wheels. 

The water way for the old flutter wheel U a curve, 
i circle of which coincides with that of the wlieel at 
i bottom, or termination, but gradually recedes from 
s wheel as it rises, to about the centre of the wheel, 
lere this "compass fall" commences, and is the width 
the "throat" away from the wheel. Thus only a 
hion of the water is intercepted by the first float or 
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bucket, the rest passes on to the next one, which inter- 
cepts a little more, and so on until the last bucket catches 
the whole ; this absorbs the force of the water gradually, 
and at the same time maintains its velocity and facili- 
tates the discharge. The gate for this is a piece of thick 
plank the length of the chute, and somewhat wider^ 
with the thick edge next the chute bevelled off and 
slightly rounded, to encourage the entrance of the water. 
A shank is fastened to this at the centre and well braced^ 
a mortise is made in the end of the shank, and a lever 
passing through a roller, or having some other suflBcient 
fulcrum, is placed with one end in the mortise of this 
shank, and the other end has the gate handle above 
attached to it ; by moving this handle in one direction 
the gate is opened, by the reverse it is closed. This 
gate is generally msxde to slide upon the bottom of. the 
flume, and shut against the lower breast girth, which 
for this purpose is made deep, and thinned away on the 
lower edge to the shape of the wheel, to allow it to ap- 
proach close enough to the chute. 

Nearly all the various iron wheels which are used in 
pairs and supplied by water through a curb or scroll 
between them, require a free communication with the 
flume, to maintain the full pressure of the water ; and 
therefore the gate which controls these must be of large 
area, and cannot be made to slide upon the bottom or front 
of the flume, like the last. It is generally made nearly 
square, and hung upon an axle near the centre; one end 
being enough longer than the other to insure its incli- 
nation to shut. The long end is moved back into the 
flume, while the short one is forced into the spout, and 
the water passes on both sides of it ; when turned back 
to its other position it closes the entrance ; sometimes it 
is moved by a stem attached to the gate, at others by 
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gearing attached to the axis. This large gate, although 
turned edgeways in the aperture, still obstructs the en- 
trance uf the water, and to obviate thi» it is sometimes 
hung by iron slings working in eye-boUa, and also by 
wooden slinga attached to one or more rollers. In either 
case, these slings sustain the pressure of the water, and 
allow the gate to be swung off the entrance, leaving no 
obstruction to the water. All these varieties are worked 
by stems and levers, attaching them to the gate handle, 
which mu-st be convenient to the saw and feed works, 
aiid varied according to circumstances. 

The head gate is a necessary appendage to every 
flume, to admit or shut off the water, and especially so 
for a saw-mill, where so many contingencies are liable 
to occur, requiring the water to be shut off for their pro- 
per adjustment. This gate should be large, to admit a 
full and free supply, without losing any of the head, 
which will always be the case if tlie gate be too small. 
It should also o^>eH easily, because it often has to he shut 
and opened in a hurry, and with little help. To insure 
both of these requisites, it will be best to m^ike two 
gates, joining at a post in the middle ; if these be large, 
or the head of water considerable, a small scuttle may 
be cut in one or both of these, and covered by a small 
gate, which is easily opened, to allow the flume to fill 
up (the gates below being closed) when the main gates 
can easily be lifted. Thi-y are generally made to slide 
up and down the baulk-head, which sustains them, and 
moved by a lever, a rack and pinion, or windlass, attached 
to the upright stem ; this stem, however, is liable to be 
frozen solid into the ice, and dilEcult to loosen in an 
emergency, and for this reason some prefer to hang the 
gates upon iron hinges, at the upper edge; they are then 
totally under water, and out of the way of the ice, ex- 
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cept a chain which is attached by a ring or eyebolt to 
the lower edge, to open or shut it. There is scarcely 
any part of the whole structure so liable to be neglected 
and out of order as the head gate; and no part so 
likely to be wanted on a sudden emergency. A gate may 
get wrong and refuse to shut, or a stick or other obstruc- 
tion may get into it, or a break may occur somewhere, 
or a person fall in, or other contingency requiring the 
water to be shut off instantly ; therefore it should be 
made and kept in a condition to be easily and quickly 
shut down ; and again, it is frequently necessary, when 
the water is thus shut out, for a person to go down into 
the flume, sometimes under the ice, or into tiie wheel 
curb or spout, where a speedy retreat is impossible, and 
certain destruction the consequence, if the head gates 
should give way. 

Three instances of this kind have occurred near where 
this is written, one the season before last (1867), on 
the Chateaugay River just above the celebrated falls. 
A man named Josiah Bull crept into the curb supply- 
ing a pair of the Hildreth wheels, to fix something in- 
side ; the head gates, which were known to be insecure, 
gave way, and although he was very active, and said to 
be the strongest man in town, yet so great was the velo- 
city and force of the rushing water, that he was unable 
to escape. The owner of the mill had been in the same 
curb a short time previously, and remarked to Mr. Bull 
when he came up, on the danger of the situation, if the 
head gates should have given way. Mr. Bull answered, 
** You would certainly have got a ducking ; but I would 
have cut the planking of the curb outside and let you 
out before you drowned." The owner s presence of mind 
so far forsook him, when the dreaded catastrophe actu- 
ally occurred, that instead of doing this he ran to the 
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top of the bank, which was very high, calling to Mr. 
Biilt'e brother for help. When the brother got there he 
cut the carb open directly, but it was too Ute, and 
Josifth was dead when tiiken out. 

Another instance liappened, when five men and boys 
lost their lives. This flume was decked or planked 
overhead, the head of water being higlier than the lower 
Btory of the mill, and a ventilator about sixteen inches 
square was carried up to a height a little exceeding tliat 
of the wafer, to relieve the strain or concussion of tlie 
water when the gates were closed. The water was 
shut off at the head gates, and several men were ut 
work in the flume, some other men and boys had also 
gone down into it from curiosity, when the head gates 
gave way, and instantly packed the whole flume full of 
water, driving several persona up the ventilator who 
happened to be near the bottom of that tube, and were 
thus rescued, while five of the number perished before 

»»ny assistance could be rendered. 
The other incident referred to bad a less tragic 
termination. We were gearing a new double saw-mill, 
which was built at the down-stream end of an old one; 
the flume in the old one had lately been renewed, 

(aad we continued it further on to supply the new one, 
leaving the old head gates in the mean time just as they 
irere. We had started one saw gate in the new mill, 
but the swing gate closing the entrance to the wheel 
curb («hut BO suddenly and so tightly, that the vacuum 
Collapsed, or sprung a piece of plank loose inside the 
throat, and the owner shut down the old head gates, 
■wbicb had not been renewed when the flume was, and 
{>er8undcd an active young man, a cousin of mine, to 
^nter and fasten the fugitive plank. He had just slid 
bimself in feet foremost, and flat on his back, when the 
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head gates gave way with a tremendous crash, and 

Mr. B scrambled up the ladder and left the young 

man to his fate. His own activity, however, and the 
length of the flume, enabled him to get out and clutch 
one arm around the post, to which the gate was slung, 
just as the water struck the baulk head; and being in 
a corner, the whirl or eddy of the water struck his legs 
and body, and carried him round and round this post 
as it filled the flume, bearing him to the surface, when 
my brother, who had run to the rescue, caught and 
dragged him out, his clothing and skin pounded and 
peeled by the square corners of the post and contact 
with the planking. However, he escaped with his life, 
and is now foreman of the Lake Champlain Steamboat 
Company's Works at Shelburn Harbor, Burlington, 
Vermont 

But this is another digression, from which, however, 
some useful hints and suggestions may be gleaned and 
appropriated by some persons, which I will plead as a 
partial excuse, and endeavor to get back to the machi- 
nery. 

If the crank shaft be iron, the wheels, whether one or 
a pair, should be bored out to fit the shaft, and fastened 
in their places by a steel key ; but if a wooden shaft, 
it must be made large enough to fill the opening through 
the wheel. If the original stick be not large enough, it 
can be pieced up to the size, and turned off to the exact 
shape of the opening ; the wheels must be wedged on 
solid and true, to run tight to the curb or chute with- 
out leakage or friction. When the flutter wheel is used 
three rims are generally made around the shaft, wit 
openings into which the floats are fitted, then an iro 
band of the exact size is heated to enlarge it and mak 
it slip on easily, and shrunk on around each rim, 
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hen it and hold tlie floats in their p.ace. These 



rima are made of hardwood plank, as many pieces as 

there are floats in the wheel, and each piece being an 

Bequal portion of the wliole circle, with a tenon on the 

Jptrrow inner end to go into a mortise in the shaft, and 

^tt piece cut out of one corner of tlie wide outer end to 

admit tlie float. Tlie floats are about four inches wide 

hy two and a half thick, tlie face next the water 

^b|at, and the back rounded uS to a half circle ; this form 

^Hlelpa to ehed the back water. These wheels are some- 

^Mimes made altogether of iron, with the three rims of 

cast iron, keyed to an iron shaft, and the floats of bar 

iron, with a hiilf round piece of wood fastened along 

^KinB back of eilcb, to improve their shape. 

^H Formerly a simple crank of wrought or cast iron was 

^^bed without any balance, the wrought crank having a 

^Bguare or fiat shank let into the wooden shaft; tliis is 

Bknie hy cutting two slits out of the wood, the length 

and width of tlie shank, each slit or recess at ny/i/ n/t^/ts 

with the other (not opposite). The 8hank is laid in 

through one of these to the centre of the shaft, and 

three iron bands put on. Then make three hardwood 

keys fur each, of such breadth and thickness as will 

exactly fill each recess; place two keys in each, with 

the thick ends behind, and enter the point of the third 

I one between these two, and drive it home; the centre 

^Uey should be left longer than required, as the battered 

^nod requires fiequenlly to be cut ofl" and the driving 

B«iiuraed. A ram made by hanging a long hardwood 

silick by two chains, and in the right position to strike 

these koys, when it is drawn back ami pushed forward, 

"■ill be the best driver, as it should be very tight. The 

cast-iron crank has wings like a gudgeon, and is laid and 

"^cured in the shaft in the same way. 
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Some kind of balance is now almost invaria 
with reciprocating saw movements of every description. 
To understand the benefit of the balance upon a crank, 
we mu»t consider the great weight of the gate, the 
pitman, and feed worka, witli all the irons connecting 
these, together with the saws and tlieir hangings, and 
that the combined weight of all these is attached to the 
crank. Now, when the crank is set in motion, all this 
weight has to be alternately raised up and jerked down 
again, and that with a speed equal to the motion of the 
saw, and tliis velocity ia so great, that when the gate is 
going up, it would continue right on up through th&i 
roof if not held back ; but this upward stroke must not- 
only be instantly stopped, but reversed, and the whole 
fabric sent dcncn again with the same velocity and force. 
Here again, it must be stopped and reversed, and so 
continually, for every stroke of the saw. This uses 
a large proportion of the power applied to every kind ofi 
saw gate, and shows the expediency of making the gate, 
pitman, and every other part of these reciprocating 
movements as light as possible, to be safe; and then 
balance the weight of these, as near as may be, by a 
balance weight attached opposite the crank pin. 

It is by dispensing with the weight of the gate, or 
sash, as it is sometimes called, and the corresponding 
diminution of weight in the pitman and other fixings, 
which the arrangement admits of, that enables the, 
" mulley saw," i. e. saw tcitkout a gate, to strike so much- 
faster, and do so much more work with the same power, 
than the English Gate. 

The mulley arrangement, however, is subject to thi 
very serious objection, that no provision is made for 
straining or tightening the saw ; the saw has therefore 
to be Btiffer and of course thicker, on that account, than. 



*e,^ 

'g 
n 
a 

)r 
g 

I 



THE ENGLISH GATE. 



191 



r g«te t 



the common EngliBh gnte saw. This extra thickness 

ciit» a wider saw draft tlirough the log, and thus causes 

both a wnste of timber and a waste of power to muke 

Lthi9 greater quantity of sawdust. The mulley must 

«lso be hung and maintained accurately in every 

^ recpect, and set and filed perfectly true, requiring a first 

class sawder to keep it in proper working order. The 

ordinary catch eawyers, that will keep and run a saw 

well enough when strained tight as a fiddle string in a 

heavy gate, would make bungling work with one of 

^ these. 

It will be found true therefore in theory as well as in 

icticc, that although it ia nut best to han'^ a saw in a 

gate tiiat would require two men to lift it, and with a 

pitman as heavy ns the gate, neither is it best to hung 

^^it without a gate altogether, and wilh only a strip of 

^Htwo inch plank for a pitman. Common sense would 

^H^eem to indicate a medium somewhere between the!<e 

^Htwo extremes ; and instead of straining a saw with the 

^Hn-hole strength of the stirrup irons, or running it with- 

■^pout any strain, we have always obtained better results 

'* by using a light gate, made of light, elastic wood, and 

Bufiicient to give tlie saw a reasonable degree of tension. 

^B Anuther point uptm which a great diversity of opinion 

^Bexists is, the proper length of the crank. A certain 

^Hiiina obtiiins among millwrights and mill owner.'^ in favor 

■* of «Aor/ cranks, for the reason that a quicker stroke is 

given by these, than by longer ones, other things being 

» equal ; it being a popular boast to have a *' smart" or 
quick striking mill. 
This prejudice does not exist to the same extent 
among sawyers; experience soon tenches them that tlie 
faster any gate strikes, the more trouble it is to ki-ep 
things in order; iind, also, that the quantity sawed does 
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not depend upon the number of strokes^ but upon (he 
velocity of the saw. In other words, two strokes of a 
twelve inch crank are equal to three of an eight inch 
one ; two strokes of a fifteen inch crank are equal to 
three of a ten inch, performed in the same time. If 
this were all they would be equal, but the three strokes 
have six stops and reverses, or six comers to turn, while 
the other has only four; and it is these reverses, not the 
cutting of the wood, that use up the greater part of the 
power applied. To explain this, we will suppose an 
engine upon a railroad, with a light train, or rather 
attached to a single car, and required to move that car 
over so many thousand feet of track in an hour. When 
the engine started it would jerk pretty hard upon the 
coupling to start the car, after which a slight steady pull 
upon the coupling would soon carry it over the given 
distance. But suppose, that instead of being allowed to 
continue right ahead along the line to complete the given 
distance without a stop, it should only go ten feet and then 
reverse, and go back over the same ten feet, and so con- 
tinuously until the given distance was made. We can 
scarcely imagine the increase of power which this would 
require, or the excessive wear and tear it would involve 
upon the whole concern, particularly the couplings and 
buffers, and how much it would increase all the disad- 
vantages to shorten the range of movement still more, 
or how much it would relieve it and assist in accom- 
plishing the given distance, to lengthen the range, feay 
to fifteen feet, which (like the lengthened crank) would 
make two reverses equal to three. 

But this is a mode of reasoning for the long crank, 
which all sawyers may not be able to appreciate; I wilL 
therefore give others in its favor for their (the sawyers^ 
especial benefit. When a saw has a long range o 
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'stroke, it movea faster in proportion as the range is 
lengthened, and every tfjoth is made to cut nenrly its 
equal proportion along the whole face of the saw ; th!« 
wears upon all the teeth nearly alike, and the saw is 
easily kept straight and in order, besides which every 
tooth has a chance to discharge its sawdust either above 
or below the log, at each stroke. But with n short stroke 
the middle teeth must do nearly all (he work, the end 
teeth never entering a small log at all, while the middle 
teeth are never out of a large one, and have no chance 
to discharge the sawdust, which clogs and heats the saw. 
The middle of the saw in this case, does all the work, 
and has a constant tendency to wear hollow in the 

iddle, while the end teeth, which get no wear, require 
ifitant stripping, gumming, and filing, to keep them in 

le with the middle ones; and where the sliort crank is 
used, and more especially when the logs are of small 
size, sawyers are in the habit of cutting off several of 
the end teeth, to avoid this extra labor. 

The pitman for an ordinary English gate is generally 
about six by nine inches at the lower end ; and four by 
•even at the top; a piece about two feet long is left full 
Bize at the butt or lower end, with a hole through this 
part about nine inches from the lower end, the size of 
the crank pin or wrist. This hole is extended up in 
the form of a mortise, about eight inches long, and square 
at the upper end, and a box fitted into it circled out at 
the lower end to fit the crank-pin, and with a space left 
at the upper end for a key to be driven through to tighten 
the box as it wears loose. The head of this key may 
be left long to drive again, but the point must be cut off 
cloRe every time, as it would interfere with the balance 
wrhen it comes round. 

An iron strap or cla sp ia put around tne pitman at 
ft 13 
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the centre of the box to keep it in place, and strengthen 
the pitman. Thi» clasp is made in two pieces, to admit 
of its easy removal, the screwed ends of one piece pass- 
ing through the other, and tightened by nuts on the 
outside. Another whole band is sometimes heated and 
shrunk on the extreme lower end, but this leaves the 
end too square to work well, if there is any backwater; 
and it is better to cut the end down to a kind of thin 
point, and put a bolt through near the point, and two 
others up near the wrist hole ; it is sometimes necessary 
to bolt through above the key mortise also. 

The upper end is finished by commencing at the full 
width of six or eight inches, and about twenty inches 
from the end, and tapering it down from this point on 
both sides to the thickness of the noddle pin at the end 
(working from a centre line struck upon both sides) ; it is 
left the full thickness the other way, and one or more bolts 
are put through to prevent its splitting. The noddle pin 
is fastened on by an iron strap, about four inches wide, 
bent over it and running down along the tapering edges 
of the wood to the wide part. This strap has a mortise 
through each end about an inch wide and three or four 
long, and a mortise is made through the wood to corres- 
pond with these ; three iron keys are made to fill these 
mortises, two of them are placed in the mortise and the 
tliird one driven between them, the mortise in the wood 
being lower than those in the iron, to cause it to dravr 
and tighten. A screw bolt is put through near the top 
to keep the strap in place ; the hole through the wood 
being enlarged downward to allow the strap to be 
tightened by the keys. The wood should be thinned 
away from the end of this strap downwards, to lighten 
it ; it may also be thinned away from above the crank 
key upwards, but it should be the full width at about 
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onothiril the length upward, as the swing of the crank 
might cause it to spriug. As the strain upon it tiie 
Other way is but trifling, it may be bevelletl from the 

rntre lines almost to an edge. 
The pitman is generally made of hard heavy wood, hut 
n thrifty little spruce, grubbed up by the roots, makes n 
vary good one; it being light and stiff, and with the root 
for the lower end, and well made and ironed, will 
answer a good purpose. The noddle piu being secured 
by the middle to the pitmnii, aa described, a pair of 
wooden boxes, about six inches long, are fitted on to 
each end of if, and these boxes are fitted on to the under 
edge of the lower cross-bar of the gate. An iron strnp 
passes over this gate bar, and down through the enda of 
eh pair of these boxes, and the nuts on the lower ends 
f these straps being tightened, secures the whole to the 
lie, while the round ends of the noddle pin, working 
I these boxes, allows the pitman the necessary play. 
• length of the pitman must be graduated exactly to 
rith the carringe, fender posts, and everything 
J affi'ctcd by it above. The simplest and safest way 
to get the length, is to raise the gate up to the highest 
point of its intended stroke; and turn the crank up also 
to its highest ragge, and take the measure with a pole. 
Of course, the lowest range of both being found, if more 
I c onvenient, will give the same result. 
^^ The above is a couimun way of making and attaching 
^■te pitman to an ordinary crank, driven direct from the 
^^rater-wheel without gearing. For a geared mill, driven 
by a belt, or otherwise, aud clear of the water, the lower 
end must be provided with metallic or wooden boxes, 
isily removed and replaced, and with some provision 
tde for oiling; almost every millwright of note has a 
Cerent way of attaching these. 
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The gfite or snsh consists of two upright stiles, 
two crosa-bars, between which the saws are hung 
strained. It is generally made of hard wood, nllhi 
some light wood that is stiff and elastic, such as spri 
is preferable, particularly for the upright stiles. TIi 
are many diflFerent wnys uf putting these together, v 
ing with the notions of the maker, and some of these 
very fanciful ; some compose the cross-bars of sev 
different pieces framed together with bracea and slings 
and otlier contrivances to combine the reriuiHile strength 
with lightness; these are generally belter examples oj 
ingenuity and patience, than of utility. The saw 
attaclied to the lower bar by two iron atirrups aroi 
the bar at the centre, and between the two straps of 
noddle pin boxes. These stirrups should be long enough 
to cotne about three inches above the bar, and should 
be slipped on it before the giite is put together. Tl 
lower end of the saw is slipped in between these, 
held by a *' lug-pin" put through a hole drilled near 
end of the saw for its reception. The upper end is 
cured in the same way by two stirrups passing over 
upper bar; these, however, are open above, the en( 
being screwed and passing up through two strong piei 
of iron, with nuts above for tightening the sa 

A strong spring, three feet long, or more, is fastei 
by one end to the top bar of the gate, the upper ei 
being attached by a mortise and pin to tlie point of the 
feed pole. The gate is attached to, the fender posts by 
four pairs of wooden bo.\es, one at each corner, cl.ispecl 
around the friction rods, or guides, and bolted to tl 
gate. These guides are of iron, of sufficient length 
the intended stroke, turned or planed true, some round, 
others square, and bolted firmly to the fender post*. 

The fender posts are of large square timlier, and are 
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no a iiotcli cut out of the fender beam and sill 
iibtfut two inches deep, and wide enough to admit the 

post, with a dovetail key on each aide for its ready ad- 

HpBi'tuient and security. The posts have a notch cut out 

^ptehiud, opposite the beam and sill, four inches deep, and 

^Two inches wider than the depth of the beam and sill. 

A hook tenon is mode at the top of each of tliese notches, 

by leaving the first two inches cut out of the post two 

Hbicbos lower, and cutting out the next two inclic» clear 

^■d the highest mark. A mortise is made in tlie top of 

"the fender beam and sill, at each place, two inches back 

from the face, and two inches wide and deep, to receive 

ibese hook tenons. The fender posts are then raised up 

until the tenons will slip back over the top of the beam 

and sill to their respective mortises, and dropped down 

into their phices; a key is then driven in upon the 

Bhoulder under the beam and gill, which keeps them 

firmly in position. 

The feed pole, before mentioned, is ten or twelve feet 
long, about three by four inches at the big end, which 
is put through the rocker, by a tenon, or secured to it 
by joint-bolts; the small end about two by three inches, 
is put through the feed spring on top of the gate, by a 
loose tenon, with a pin through to allow it to play. As 
this small end is carried up and down by the motion of 
the gate, it imparts a reciprocating rocking motion to 
lie rocker. The rocker is a piece of wood about eight 
iches square, and of any convenient length, with journals 
Ibd bearings at each end to admit of motion and keep 
t place. It is placed overhead at a convenient dis- 
JBnce beyond the wrag-wheel, and besides the feed pole 
already mentioned, it has four standards mortised into 
its underside, each being two inches square, and two 
inches apart. These are connected together at the other 
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(lower) end, for greater strength, and one end of the 
connecting bar is slipped through the two inch space be- 
tween these standards, and a short two inch piece or 
pin thrust through the end of that bar, at right angles, 
and in the contrary two inch space between the stand- 
ards. This allows the end of the connecting bar to be 
let down to the end of these standards, which gives it a 
very long stroke, or taken up close to the rocker, which 
gives a very short one ; and by fixing a lever overhead, 
with the short end connected with this movable end of 
the connecting bar and the long end at the fender post, 
the feed can be varied by the sawyer at will. 

The evener for an English gate is generally a lever of 
the first kind : that is, the fulcrum or bearing is passed 
through it near the middle, while the hand that pushes 
the wrag-wheel around is attached to the lower end. For 
a gang, it is generally a lever of the second kind, the 
fulcrum being at the lower end, and the hand attached 
near the middle ; the power, in both cases, being applied 
to the upper end, through the connecting or feed bar. 

The wrag-wheel is a wooden wheel about four feet in 
diameter, with iron ratchet teeth or notches around its 
circumference for the hands to catch against and push 
it around. It is attached by four or six arms to the 
wrag-shaft, which lies across under the carriage. If this 
shaft is of iron, it has two pinions keyed to it, corres- 
ponding with, and gearing into, two cast-iron cogged 
racks placed along the bottom of each side piece of the 
carriage. These racks are placed so as to fit close along 
the inside of the ribbons or ways upon which the car- 
riage runs, and thus serve the double purpose of feeding 
the carriage forward, and gigging it back by the pinions, 
and also of keeping it true and parallel in its motions. 

If the wrag shaft be of wood, it may have cogs mor- 
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iised into it in two rows, two inches apart, to straddle 
the ribbons, six or eiglit in each row, and so 8tep(>ed off 
that the cogs in one row will be exactly in the spaces of 

^the other row. Thus the two separate rows of six or 
iCnght enchy are equal to one continuous row of twelve or 
Bixtfcn, and being divided in this way leave sufficient 
epace aud whole wood between. These cogs must not 
be left nearly square at the ends like ordinary cuga in 
frheel work, but having to step into mortise holes in the 
I'Mraight line of the carriage, they must be of a peculiar 
■ curve, and terminate almost in a point. To mark this 
Ishnpe, step the rough cogs upon the pitch line to divide 
Ptheiu equally, and mark the outsides at this line ; then 
rind a line around the shaft, and fasten a scratch-awl in 
fit so as just to reach the mark on the further side of the 
log; begin at the root of tlie cog and mark as the line 
tanwinds to the point; move round to the next cog and 
nark the same, until one side has been marked ; then 
"reverse the string and mark the other side the name 
way. A piece of small wire is handier and safer than a 
line, as it will not stretch, and by sticking a tack through 
t loop in the other end, it is more easily managed. 
With exactly the same step as these cogs, the mortise 
" tolea for them to catch into the carriage must be stepped 
aud laid out. And as there is nothing to keep the ear- 
% riage true and parallel, the two inch space between the 
^Bwo rows of cog-holes must be rabbited out to tht; depth 
^ftf three-eighths or half an inch, to correspond with the 
^^ibbons on which it slides. 

A better, because a more accurate and durable way 
of making this wooden shaft and gearing, is to put the 
* into the carriage, a row on each side of the ribbon, 
ind cut recesses out of the shaft for the cogs to step into, 
J round ledges between these recesses for the cogs 
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to catch and work upon. The Bhdft^ in this case, most 
be enough larger to correspond with the step of the cogB 
in the other plan ; or in other words, the working surface 
of the rounds in the shaft must be the same distance 
apart as the working surface of the cogs in the carriage. 
These rounds are sometimes turned in a lathe, and 
fitted around the shaft, with an iron band around each 
end to keep them in place, like an old-fashioned trindle 
head. In this way they are easily removed, which is a 
desideratum, as one set of cogs in the carriage will wear 
out several sets of rounds. 

The carriage consists of the two side sticks already 
alluded to, about five inches deep, and eight wide, and 
about twenty-four feet long. This is suflBcient for any 
ordinary length of log, up to eighteen feet, for when 
timber longer than this is to be sawn, it is more con- 
venient to extend the length by attaching a movable 
piece which can be laid aside when the common lengths 
are resumed. These side sticks are connected by a cross- 
bar mortised through each end ; the tail block is also 
pinned firmly down upon the end of these side pieces, 
but the head block is only notched down an inch or 
two, leaving a shoulder inside at both ends, to keep it 
from shifting endways; this leaves it free to move the 
other way, to suit the various lengths of logs. These 

guiding shoulders soon get bruised and worn, both on 

the carriage and head block, and allow it to vary, ant 
sawdust and bark, or slivers get between the block an( 
carriage, and impair the accuracy of the work. To ob 
viate this disadvantage, the sides of the carriage ai 
sometimes made with a high ridge along the centre, an( 

bevelled ofi* straight and equally on both sides. To d o 

this, strike a line along the top at the centre, and anothF=^r 
line along each side, say two inches from the top, ac^^Z 
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s off from tlie centre line to eacli uf the others ; then 
notch out the ends of the head block to fit this saddle, 
I luid it3 own weiglit, with the weight of the log will 
HUways keep it In its proper place, while the incline of 
^■be surfHce will keep it free from sawdui^t or other 
^Accumulations which would disturb its accuracy. 

The track upon which the carriage moves is made iu 
different ways; a simple way is to take pieces of hiird 
pood about three inches thick and five wide, and key 
ihera into the sills and overlays on their edges. This 
i dune by striking a line the whole length of the mill, 
> mark the outmie of each line of ribbons; anotlier line 
1 Htruck inside of each of these at a distance of about 
j&ve inches from the otliers. The first (outside) line is 
■wed down pluicb, and straight with the line, two inches 
■ep, the other (inside) is sawed a little under and dove- 
lailing, to admit a key to the same depth. The piece 
B cut out with an adze, and the rough sawed pieces for 
ihe ribbons placed along the outside of these gains, and 
keys driven in along the inside iu every gain, to tigliten 
^^llie pieces. Two lines are then struck along the top of 
^■khuse, two inches apart, to mark the ribbons, and the 
^Burplua wood dressed off. The line is then stretched 
l^along the side, at the height of the ribbon, and ruised 
crowning a little at the middle, and when jointed off to 
J this last line the ribbons are completed. 
^L Another plan is to key strong foundation pieces into 
^Bbe overlays, and dress them off true on top, then gauge 
^ilie ribbons and dress them off to the proper width and 
thickness, and pin them on to these pieces by lines 
I struck the whole length. When these ribbons gut worn 
Od out of true, they can easily be stripped off and re- 
newed. The new track should always be made a little 
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«^ =^^^j^ (:be »v^, as it works better, besides 
:i b*j 1 cccaan- icoieorj to wotk down at this point, 

Tbr fTtfT»fr. wbca L^iM by tbe middle* has its fulcrum 
5cr>:r:tjd r r a *b:rs p«o? of plank on each side ; these 
ar>? e::b^ =s:r:i»i irr^- thie ^oder post or into a separate 
JO?: Tc; Tip 3:c :!rjc T*3po«, as mav best agree with the 
ILr^e vNf lie wrw-wbek- 

Bc'.^w :bfe =:vaiiir his-i aireadv mentioned, is another 
stiiLcATx ccje, airajied bj xbe bdK^k end to the post, by 
two s:ir je# cc e\>esw :be o^ber end or point resting on 
the wr^Jr.G, Ir> t-tittki^ i* to bold the wrag-wheel 
xrvxa :;:r:::r,£ b*ji rv ire ivcoQ of the wheel and the 
KMVV of :hi: saw, wi.i> ibe f«dinz band is drawn back 
to in^ke :be :>rx: <:r.MLe. These two bands should be 
oon:uv:oi t.^^ibtr bv a «inall chain, or otherwise, and 
K^:h a::.whx\i ; o :bT^ eci of a light beam above, which 
is hur.AT bv :r.e riiii'-e^ Acd the other end should extend 
oNvr Ik^ ::.o ou:<:io .m* :be cArriaw, To this end is hung 
a ;^u\v vf 5Cir.:Mr.c hvavv eiKm^h to overbalance the 
wouh: o: :V.c hAr.i> *r.i cb.v:r*; this scantling stands 
v.:x^:: :ho fl,v^r, >L>>:ie dk hv je, when the hands are on or 
working* IcAvir.c ii V.::^^ sl^ck :o the chain. When the 
o:\rr :.\^^ is :oi :Vrar±ri :o :bo projver extent, a piece at- 
taol.oi :o i: :Vr th^: rurrvt?^, T^usbr^ the scantling into 
the Lo'.t\ ^:i ihus 1::"V5 K::h bacds clear of the wrag- 
\vrn.v'* ar.l iCAvo> :: frtv :.^ l^ ^^s^l K^ck. After it is 
g: j^v. back ur.::! :l:e saw is o'ear of the log. the drop is 
rai^^'d iiv :o :ho dvV^n &r.i :h:s movement lets the hands 
dowa or. :ho wra^-whe^i Again. 

TLe :a:1 Kook is g\: norAlIy made of a single piece of 
L:\rl IlUzI: wcvv:. j^ven or e:rht inches thick, and eigh- 
teen cr :we::iy wide : a yieoe is cut out along the upper 
c:rner, ab."*-: two inches deep and six wide, upon which 
:Le end of :be !.\: resis : a sin^io dos, with two tines to 
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s into the log, is hinged on behind the ledge by two 
eye-boUe passing down through the block, and eeciired 
below by two nuts. The head block is similar to the 
Jlther, but a little wider, and a notch is cut out in the 
liddle to allow the saw to come buck clear of the log ; 
t has two dogs, one on each side of the recess for tbe 
'. This recess cuts the block so nearly through, that 
i liable to be split by turning down a large log upon 
t; to strengthen it some builders dovetail pieces across 
, others put several large pins through; perhaps the 
»est way is to put iron bolts through, as these can be 
tightened as the block shrinks by seasoning. The other 
plans do not admit of tightening, and rather encourage 
"fit to check. Tbe space between the dogs and the recess 
I the block is generally made wide enough to admit of 
lan of saws being used, as tbepe will cut about double 
I tbe Slime time that a single saw will cut, while one- 
lalf of the time occupied in gigging back and setting is 
aved. And tbe span is generally used when the kind 
f stuff made admits of it. 

The process of gigging back is next to be considered, 
fhere are many ways of accomplishing this, varying 
wording to circumstances. If there be an edging cir- 
cular saw in the mill, or anything else requiring a hori- 
Eontal motion, both the gig motion and that for hauling 

kin logs may be got from the same horizontal shaft, by a 
belt or chain, to be tightened or slacked by a movable 
Bghtener. ' If no such motion be required for other pur- 
poses, and a gig wheel has to be made for that e.vpress 
purpose, then it is best to put a small water wheel on 
Ml upright shaft, under the wrag-wheel; the shaft to 
teach up and come in contact with the side of the wrag- 
pheel. Both shaft and wheel must have a particular 
level, proportioned to the relative diameter of each, in 
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order that the whole surface of contact in both' may 
move at the same velocity. If the biivel be too much or 
too little, the upper and lower edges of contact will move 
with different velocities, and cause a con!:'tant slipping ■ 
and grinding of the surface, which increases as the pres- ] 
sure is increased, and soon wears the face of both wheel { 
and shaft so uneven as to be unfit for use. 

A failure to proportion the bevel of this wheel and | 
shaft to each other, is the moat common defect met with 1 
in ordinary cheap saw-mills, and has contributed more 
than anything else, to prevent this mode of gigging 
back by friction from coming into more general use. It J 
certainly is the handiest and cheapest of any yet in use, 
and if the wheel be bevelled to half the diameter of the I 
shaft, and the shaft bevelled by half the diameter of the ] 
wheel, it will be more durable. 

To do this, place a straight edge or line across the ] 
face of the wheel at the centre, then measure out from ' 
that line one-half the diameter of the shaft, and at that 
point place a sweep, and bevel the face of the wheel 
until the sweep agrees with the face all around. If 
the wheel be on the shaft, and the shad in the way, i 
measure i/s diameter, and allow for it, and make a mark j 
around the shaft with that allowance to set the sweep. 
With the shaft, proceed the same way, measure out from I 
its centre, and in a tine with its shaft, one-half the dia- | 
meter of the wheel, and at thjit point set the sweep, 
dress off the same as with the wheel, until the sweep J 
agrees wit)i it all around, and the bevel will agree witU 
the wheel. Both surfaces should be turned, to insurej 
their accuracy. 

This bevelled friction wheel and shaft work upon the 
same principle as the )>evel wheel and pinion in cog 
gearing, and are governed by the same laws. Any kind 
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hetl may be put upon tlie lower end of the 
ion shaft., to give it mution ; the wooden centre-vent 
Broil wheel being as convenient and cheap as any. 
t is mnde by squaring the end of the shaft, to six 
and bolting, or otherwiBe attaching a short piece 
ilank or flojit to each square, with the outer ends 
ting in the direction the wheel is intended to turn. 
Bcroll may be made of four piecee of timber of the 
ler depth, framed together, with one side falling out 
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the square, and leaving an opening for the admis- 
of the water; the ecroll mark is etruck around upon 

cutting a portion of the circle out of each piece, 
the corners are filled out to the same line. A bot- 
and cover are spiked on, each having an opening 
nd the shaft to dischai^e the water. 
tie following method of making a scroll is in some 
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respects, preferable : make a square platfonn of plank 
for the bottom, a little larger than the outside of the 
scroll ; make a centre mark in this at the point which 
the centre of the shaft will occupy ; then with a radius 
or sweep from this centre draw a circle to correspond 
with the outside circumference of the wheel (floats), and 
from the same centre draw another circle about two- 
thirds of the diameter of the wheel, for the opening for 
the shaft, and discharge water to pass through. Now 
mark off the width of the throat for the admission of 
water, commencing at the circle for the wheel, one side 
of this throat is the commencement of the scroll, the 
other side its termination. (See Fig. 35.) 

To mark out the scroll, make a small wheel, the cir- 
cumference of which is exactly equal to the width of 
the throat; the wheel may be tested by measuring 
round it with a string, the length of which is equal to 
the width of the throat, or by making a mark on one 
side of the wheel and placing that mark at one side of 
the throat, and rolling it (the wheel) across the space to 
the other side. If the mark, when the wheel has made 
its revolution, comes exactly on the other side mark of 
the throat, it is right ; if it overruns that, the wheel is 
too large, if it falls short, it is too small. Fasten this 
wheel upon the centre of the bottom, and attach a hue 
or a small wire to the edge of it, stretch the wire tight 
and fix a scratch point in it at the outside line of the 
throat, now draw the scratch round, keeping the wire 
tight, to the place of beginning, and the point will mark 
the scroll, terminating at the inside. Or, you may 
wind the wire round the wheel, and begin at the inside 
to mark, allowing the wire to unwind as you describe 
the scroll, which in this case will terminate at the out- 



i 



THE ENGLISH GATE. 



207 



Be; for this, like other good rules, will work both 

rays. 

Now lengthen the wire an inch and a half, or two 

locheH, and describe another mark parallel with the first, 

1 cut the tipace between, out to the depth of half or 

iree-fourtbs of an inch. Cut planks of a length equal 

) tlie intended depth of the scroll, and circle them like 
itaves, then fit them Into Ihlij space all around until the 
KSroU is complete, and lustly, make a top or cover the 
^t counterpart of the bottom, and place on to these 
ttuves, and bolt or otherwise fasten the top and bottom 
^gether at each corner, and the curb or scroll will be 
lomplete. The throat, or opening for the admission of 
krater, is connected hy a spout with an opening in the 
lume, which ia covered by a gate inside. The lever, or 

^te handle, for moving this gate should be brought 
lOiivenieutly to the wrag-wheel, and another lever with 
I short purchase, to throw the head of the gig-sbaft in 

nd out of contact with the wrag-wheel, should be within 
lie sawyer's reach at the same place; as it is most con- 

"cuient when be can have one in each hand at the same 



he pull wheel, or bull wheel, as it ia generally called, 

nilnr to this giggii^g apparatus just described, the 

:ipal difference being that where the gig wheel has 

g-gearing upon its horizontal shaft, to run the carriage 

kck, the hull wheel has a chain winding around that 

; to haul the logs in. There is also this further dif- 

Ktme, that while the gig wheel moves its load upon a 

1 and level track, the bull wheel must haul its 

I upon a rough track, and up a steep incline. The 

■heel upon the horizontal shaft should be larger in 

^anietcr for this reason, to increase the purchase, and 

r driven directly from the upright shaft of the water 
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wheel, both wheel And shaft should he famished with 
cogs to match ; because the motion obtained by friction 
which answers admirablv for a light free movement, is 
not reliable where a power like this is required. 

The ^lide upon which the logs are drawn up out of 
the water, is sometimes made of two large sticks flattened 
upon two sides ; these aie placed on edge, at a distance 
apart equal to the intended width of the slide, and bars 
or slats mortised through them at convenient distances, 
upon which a flooring of plank is pinned or spiked. The 
butt or strongst end is placed upon the sill of the mill, 
the small end running down obliquely into the water, 
and either resting on the bottom, or upon an a abutment 
of stones or wood prepared to receive it. This slide is 
frequently made altogether of round sticks of timber, a 
large stick being placed at each outside, and the space 
filled with smaller siies, which makes it high at the 
edges to prevent the logs falling over. These sticks are 
all mortised to correspond, and slats driven through 
them, the outside ones pinned through the slats, as in 
the other case, to keep all secure. This makes a stronger 
slide than the other, but either is strong enough to carry 
any load of logs, while neither is sufficient to withstand 
the ice in many situations, if the water is drawn down. 
Where such an occurrence is anticipated, the slide must 
be well supported by posts, or otherwise, as without this 
precaution, the- slide might be broken or the mill itself 
disturbed by the oblique pressure of the ice. 

All the various parts and pieces comprising the 
machinery of a saw-mill should be of good material, and 
accurately made and combined, no need of fancy finish* 
ing anywhere, but the movements adjusted correctly by 
the plumb and level. The water-wheel (crank shaft) 
level, with ^^ dead wedges'* (wedges the same thickness 
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^■^"both enJs) between the binders and the plumb-blocks, 
so that the binders may be keyed down firmly without 
[tinching thp shall, the saw-gate parallel with that shaft, 
and plumb above it ; the centre of the gate at the noddle- 
pin and Rtirrup exactly over the centre of the crank- 
wrist. The gate must be hung plumb, each way, upon 
the friction rods or guides ; to insure this, these guides 
maxt be placed upon the fender posts by a line, both 
ways, to get the two upon each post perfectly true with 
eflcli olher, then the boxes that attach the gate to these 
guides should also be placed by a line to get them 
parallel and true with each other. When this is done, 
fasten one fender post solidly in its place, the rods plumb 
each way, but do not key the other fender post until 
the gate is set up, and the boxes are put on to attach it 
itp the guides ; tighten up the screws of the boxes, tlien 
^^^ the other fender post, now slack alt the boxes and 
^^Bkce dead wedges between to give the necessary freedom 
^^o the rods. After tightening all up again, the gate 
will be ready to run. The noddle-pin boxes, which 
attach the gate to the pitman, must also have dead 
wedges placed between them in order that the connect- 
ing straps may be firmly screwed up, and at the same 
time admit of the necessary freedom of motion. 

When all these various points of motion are right and 
tight, the gate will play up and down freely, and with- 
out any jolt or noise, in reversing at tlie upper and 
lower extremity of the stroke; but if it binds and is 
mrd to start, then it is too tight somewhere, and the 
kht Bpot must be ascertained and slackened, and thicker 
I wedges introduced and all made fast again. If it 
(Us and mukes a llinmping noise at every revolution, 
icn il is slack somewhere, and to ascertain the point, 
>k« a short lever, pry open the gate (sawyers generally 
U 
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catch a tooth of the saw with the mill bar on top of the 
log for this purpose), and move it up and down as far as 
the slack play admits, another person examining the 
different joints will easily detect the loose one, which 
must be slackened, the dead wedges taken out and 
dressed thinner, then replaced and tightened as before. 

When the lower end of the pitman wears loose upon 
the crank wrist, it is tightened by simply driving the 
key above the box. If this key is mortised through 
crosswise of the box, the projecting point will do no 
harm ; but if it passes directly through on the top of the 
box and in the same mortise, then the point must be 
cut close off* every time it is driven, otherwise the pro- 
jecting end will come in contact with the balance as it 
comes around, and in this way the pitman sometimes 
gets broken. 

To hang the saw, place it in position in the stirrups, 
with the upper and lower ends at the same distance 
from the friction rods or guides upon which the gate 
works, then feed the carriage forward its full extent 
until the tail block comes in contact with the saw, and 
mark this point permanently upon the tail block, or 
better on the dog, for after use in hanging the saw. Now 
gig the carriage back to the length of the saw logs and 
ftisten a line upon the mark just made upon the dog, 
stretch this line along both sides of the saw, both at top 
and bottom, and shift and secure the ends of the saw by 
wedges or otherwise in the stirrups to range exactly 
with the line. Some prefer a short straight edge to the 
line as being equally true and more expeditious. This 
is applied first to one side of the saw then to the other, 
and the wedges (or screws) manipulated until the straight 
edge points equally from both sides and both ends of the 
saw to the mark on the tail block and dog. Now see 
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lat the stiw has the requisite "rake," that is, thiit the 
wer end be hung buck three-eighths or three-fourths of 
1 inch furtliLT than the upper end, according to the 
lantity of feed carried ; this rake is required to enable 
le log to ft'cd forward aguinst the saw, without the 
eth catching or cutting in the upwnrd stroke, and 
bunld be nicely graduated to tiie feed. If a saw has too 
ittle rake, for tlie feed put on, then the teeth will catch 
luring the upward stroke, and aa they cannot cut on 
ccount of tlieir position and hooking shape, they catch 
ad lift upon the log, jerking it loose and disturbing its 
osition, besides greatly retarding tlie velocity of the 
notion. If too much rake be given, the saw will recede 
DO far from t!ie log in its upward motion, and be partly 
lown again before the teeth touch, the under ones 
ie%'er touching at all; and the upper ones having to do 
]] the cutting, will strike in so sudden and deep that 
be whole cut will be rough and coarse, and the lower 
Ages torn and opiintered, making a rough and ungainly 
escriptionof lumber even out of the best of timber. Too 
auch rake also produces a concussion or shock at each 
troke of the saw, wliich is very diaagreeble, besides being 
ngurioua to the aaw and all the movements and^ their 
kstenings. 

This subject, of the proper rake for saws hung in a 
Rte, either singly or in gangs, is very important, and is 
luch neglected and but indifferently understood by 
lany otherwise good sawjers, It is quite common to 
icet with sawyers who file and set a saw well, and hang 
1 to range right in ita track, and yet have so limited an 
lea of the importance of this subject, that they use but 
ne rake for all kinds of wood soft or hard, and all kinds 
f saws long or short, and every length and strength of 
ike. When a saw is hung to range plumb and true, 
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both ends maintaining the same parallel cut, and with 
the proper rake so that every tooth cuts its 'equal share, 
then it will work with less set, having no sideway vibra- 
tion, less waste of wood and power, the saw draft being 
narrower, and less filing, the wear and tear being equally 
distributed among all the teeth. At the same time the 
lumber cut will be much truer and smoother, requiring 
but little labor to plane or dress it. Surely these con- 
siderations are sufficient to induce sawyers and particu- 
larly owners, to pay more attention to this subject. 

Filing and setting the saw is also of great importance. 
The saw cutting only during its descent wears the points 
of the teeth mostly on the under side ; this, particularly 
in knotty and hard wood, gives a constant tendency to the 
teeth to turn up at the point; whereas, to cut easy, the 
sharp peak point should come in contact with the wood 
firsts to shear its portion from the solid mass, rather 
than force it oflFby the level under surface of tooth, which 
is a common practice. To allow the point of the tooth 
to touch the wood first, and thus enable it to shave its 
proportionate slice oflF by a clean cut, requires the teeth 
to stand hooking downward. If this position of the 
teeth, and their sharp points, had to be maintained 
altogether by the file, in opposition to their constant 
tendency to turn up at the point, it would involve a 
great expense of labor and files; but by the judicious 
use of a small hammer, and a steel upset with a crotched 
end corresponding in shape with the point of the teeth, 
the points may be upset and the ends brought down to 
the proper shape, leaving the under side of the teeth 
straight and true, and requiring only a slight touch with 
the file to complete the edge. The teeth have, in addi- 
tion to the tendency to turn up at the point, another 
tendency equally troublesome and fully as difficult to be 
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pvercorae by the file, that is, the continual narrowing of 
the points as they wear, which if not counteracted, 
makes more sett necessary in order to cut a sawdraft 
yiide enough for clearance. The remedy for this is the 
Bame as for the other, upset the points; this not only 
"viduns and shapes the teeth, but if carefully done by an 
experienced hand, it consolidates and hardens the point 
and makes it wear better. On the other hand, if it be 
carelessly and bunglingly done, the ends will be bruised 
and slivered and broomed up so that the cure may be 
worse than the disease. 

A sawyer who can use the little hammer and upset 
properly and makes a free and judicious use of the 
gumming machine, to remove superfluous portions and 
maintain the proper length and form of teeth, need spend 
but little time in filing. In finishing up the teeth with 
the file, great attention and care are required by some 
persons to get the habit of carrying the file perfectly 
level or at a right angle across the tooth ; this is particu- 
larly essential on the under side, as a very slight bevel 
caused by carrying either the point or handle of the file 
highest in the process of filing will cause the saw to 
*'ran" towards the lowest and sharpest side of the 
tooth, everything else being right. The sawyer not 
suspecting the real cause, is tempted cither to set the 
teeth a little more on the other side or veer the whole 
saw slightly to that side, to overcome the tendency to 
run. This setting of the saw to one side, inclines it to 
run to that side, while the bevel on the under side of the 
teeth inclines it to run to the other side. This is balanc- 
ing one error by another Instead of rectifying the first 
one, and they are constantly contending against each 
other, with varying success, as the kind of wood and 
rate of feed are varied, each. having the ascendency by 
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turns, and the saw reering slightly from one side to the 
other^ as one tendency or the other prevails. 

This condition of the saw is the cause of much of the 
unequally sawed lumber that is made. And it is singular 
how many good sawyere err in this respect, particularly 
when filing with the saws hung in the gate, which is the 
common practice with the English gate ; it is still more 
singular how difficult it is to convince such of their 
error in this particular. We have frequently tried to 
persuade a man that he was carrying the file too high 
at the heel or point, and bevelling the teeth, but could 
not convince him without applying a square to his file 
and the saw, to show the variation. We have held the 
square to the saw to enable him to get the true level by 
comparison, and in three minutes after the square was 
removed, or as soon as he had resumed his natural gait 
of filing, the file would assume the old position. The 
only safe way for such a man is to file one half of the 
teeth from one side, and the other half from the other, 
taking particular note by trying with a square to have 
these alternate teeth lowest and sharpest on the outside, 
that is, on the side they are bent towards by the sett; 
this will insure equality and accuracy and the bevel, 
when thus distributed, is iu many kinds of wood a posi- 
tive advantage, enabling the saw to cut smoother and 
more easily. 

The common recourse of the sawyer in this dilemma 
is, to increase the tension of the saw by straining it 
tighter in the gate. This will in a measure control its 
wavering erratic course, but it is always injurious, both 
to the saw and gate, to stretch it thus (like a fiddle 
string) and also dangerous, because a slight extra strain 
which is liable to occur at any time by various casual- 
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ties, ia likely to break the lug pins or stirrups holdiDg 
the saw, or the saw itself. 

We would advise any sawyer who ia anxioua to per- 
fect himself in the manage nient and control of the saw, 
to practii^e a while upon the mulley saw, which being 
uDcoiitrolled by strain or other influences, shows the ef- 
fect of any variation in the bevel of filing or setting 
most minutely, and will give him a better idea of the 
importance of this subject than he is likely to obtain 
by long practice with saws that are strained tight in a 
gate. 
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The MoIIey Saw. 
This is an upright saw driven by a crank, and almost 
identical with the English gate, except that the gate or 
sash of the latter is omitted, the mulley being simply 
the naked saw running between, and kept in place by 
guides; the crank, pitman, and the noddle pin, having 
no gate and very little more than the weight of the saw 
to carry, are quite light. There are many different 
ways of connecting the saw and pitman, some of which 
are very ingenious, but the most common plan is to 
place a short piece of wood between two round or square 
friction rods or guides, similar to those upon which a 
gate runs, and attach the pitman and saw to this piece 
as to the under bar of a gate. We have seen muUeys 
workiug lately with the lower end guided and controlled 
by a working beam and rods, similar to the "parallel 
motion" in Watt's steam-engine, and so arranged as to 



LI: SAW-XILLS. 

r.T-f zlx- lower end of the saw a slight jerk back just as 
.: :-rr.* :o go up, which clears the teeth from the log 
^•i '.t-avt-< it perfectly free in the upward stroke. These 
wrTv «>.^mplicated and expensive, but might easily be 
- -:i- ':5-:-i m> as lo be a very valuable improvement, as 
::-r r.v.:''ey, when it can be got to take the upward stroke 
-j:V'y ;\::d survly without increasing the thickness of the 
siw. ;> tLe n'i05t ect»nomical of all saws. 

T:.o upptT end of the saw has generally two small 
r:c\x-> of WCK.J clamped on and running between two 
:ur.:c-i or planed guide rods similar to the lower ones. 
S. u:e::r^v5 these upper guides are only half or three- 
4".,ir:er inch iron rods, stretched tight, by nuts on the 
^r.is, to ket-p them straight. A pair of wooden gauge 
or ^u-.iv b'.ooks are placed just below the log, one on 
^Mo:, s:.;o of the saw, which help to keep it in place 
a::.; iv.sure noouraoy : another similar set are applied to 
::*.;:* >a\\ ' ,;>: ;\>.ne the lo:;, but made so as to rise and fall, 
vr. vii.^v* tiiher with a lever or screw to bring them 
^ r /.own. to accommodate the size of the log. 
I :.o s^iw is ::.;;< confined to its track both above and 
^-^^\ :-.o loj, lut notwithstanding this, it is found im- 
vr-,;o::v\:V*o to run saws in this wav without usiufr a 
---oxor -:A;ue of saws than when strained in agate. This 
o,i;:<vs Iv::: ;\ w.iste of wood and power, in cutting out the 
-*\t:\*, ^:\\u::li ^f korf for the thick saw, and has so far 
V'v\ov.:ov; :::o uiulloy from coming into more general 
-^^v\ a v.; c'.\c:: rise to several ingenious expedients to 
^'^*^ ^4Co ::.o dirV.ou'iy ; one of these we have already men- 
" ^**u\\ ai^^:l;or is to attach a strong spring to the top of 
""' siw^ \\l:ic!i is generally done by placing a large 
^ ''^' stvvl s'^riuiT on end above the centre of the saw. 

^^' low or end of the spring is made fast to the beam 
^*^^' '^^^ueU it stands^ the upper end is bent inward to 
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;e centre of the coil composing the spring, and a lialf- 
■anch rod is made faat, one end to this upper turned-in 
«nd of the spring, the other to the top of the saw, thus 
sunning throngh the centre of the coil, and joining it 
And the saw together. Now suppose the saw to be set 
in molion, if it was clear down when the attachment 
WHS made, then the saw would have to stretch the spring 
the whole length of its stroke ; if it was clear up, then 
it would have to compress it to the same extent. This 
last would appear to be the best position in which to 
place il, as the spring, being fully compressed, strains 
upon the saw and is ready to exert its whole force to 
Start the saw hack at the return, and assist it in the up- 
Wfti^ stroke; but pniclically it is found that the full 
compression soon destroys the elasticity of the spring, 
■besides the rake of the saw clears the teeth entirely 
from the cut at halfway up, and then its momentum is 
Mifficient, not only to make the rest of the ascent safely, 
bat alfo to stretch the spring from one-third or one-fourth 
of its range upward. For these reasons it is found best 
to place the spring so as to be two-thirds compressed, and 
one-third stretched; in this position it not only helps to 
clear the saw and commence its upward ctroke, but also 
assists to make the return at the upper range of the 
Btroke. Any person who has noticed the effect of a 
spring upon a swift reciprocating motion, such as the 
whiffers of a carding machine, or shaking screen in a 
grist-mill, will easily understand this. 

The best arrangement we have ever tried is the fol- 
lowing, which answers the purpose admirably; the only 
peculiarity that will prevent its general application 
being, thut it is only applicable to a double mill and in- 
admissible in a single one. The crank shaft must be 
of suitable length, and the two carriages placed side by 
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side and parallel with each other, both cranks placed on 
the same shaft, that at one end bein^ exactly up when 
the other is exactly down. The whole arrangement 
from these cranks to the top of their respective saws 
diflFers in no respect from the ordinary muUey, but in- 
stead of the spiral spring last described being attached 
to the top of each saw, a single wooden spring reaching 
across from one to the other is placed overhead ; this 
spring is made stiff and light, and hung by its centre upon 
a bearing like an engine walking beam ; each end of this 
spring is attached to the top of its respective saw by a 
small iron rod, and the post supporting the central bear- 
ing being made to slide either up or down, is provided 
with eitlier a lever power or screw, by which the spring 
is raised to give the saws the proper tension or strain. 

In order to get the necessary strength, and at the same 
time maintain the requisite lightness, the two rods con- 
necting the saws with the ends of the spring must be 
joined together by a similar rod, which is carried over a 
short post on the centre of the spring. This spring, or 
walking beam it might rather be called, is of consider- 
able length, and being elevated considerably above the 
top of the saws, the side swing of the connecting rods 
is so little that it does not disturb the top of the saws. 

By using a very short crank shaft, or what would be 
better, a return crank, with one or both bearings outside, 
like the crank of a fulling mill, both saws might be 
made to work on the same carriage, the carriage of course 
would have to be made proportionately wider, and the 
logs both of the same length. We have never tried this, 
but where a deficiency of room or other reason makes 
the double mill inadmissible, we are satisfied that thi« 
could be done. The double mulley being so light and 
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equMiy balanced in all its parts, tlie journals and bear- 
ings small, causing little friction, while at the same time 
it provides the requisite strain, to admit of the use of 
ordinary saws, and makes good lumber; all these con- 
Biderations taken together, render it the most economical 
method of siiwing which we have either tried or seen, 
ofl almost the whole power employed is applied to the 
work of cutting. Wlien the power is very much limited, 
i may be still further economized by dispensing with 
lie gig wheel and nearly all its machinery, in the fol- 
lowing manner : Place the carriage upon rollers, or small 
wheels, like the large circular saw-mill carringe, and 
make any kind of wrag wheel that is eufiicient to carry 
the wrog iron for the feed hands; the wrag wheel must 
be placed upon a wooden shaft of the ordinary form and 
^^ze, but neither sli .ft nor carriage requires any kind of 
^■bgs or gearing, but, instead of gearing, faaten a strong 
^fbpe on the cross-bar at the front end of the carriage 
1 and then wind it three times around the wrag shaft, and 
pass it nlong to the back end and wind it two or three 
times around the cross-bar at the end ; extend the rope 
back to the extreme limit of the range of the carriage 
in that direction, and pass it over a pulley and down 
through the floor. If there should be sufficient height 
from this pulley to the bottom, all that would now be 
necessary would be to hang a sufficient weight upon the 
rope to bring back the carrhige and log, but as a suffi- 
cient height is seldom found, and for other reasons, the 
end of the rope had better be carried back eight or ten 
feet further and make fast to a timber of the floor, or 
I uiything else that may be convenient at that point. 
^^Hlis end of the rope must l>e fastened at such a length 
^Bat when the carriage is fed forward its full extent, 
^^Rth the tail block up to the saw, the rope between ttuH 
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i . •- : ^- -tr-.- Si-*- Ln LT'-crecien: of this kind 
-r -, :,- L ri" .ij-T i-Tt "^.i.l :!-.:.> zhii it must feed 
_ ..: _ : .: •-■.1 i -v.-ii :: .rli:^ uo behind it, but 
r. _ - : ■ --: .-i^r : i-r -^.iT-fl? -r.I-r iLLs enable the 
I1-- 1- : . -.1 .: ^ "r '-'^: ^5 -ri^l.v i5 the ordinary car- 
:•. -jt -*• z :-. "i-:-.-i -..Ir>, wlii.h hit? to be started 
•-- .-r .'. z" . 7" ?:r. "ir : :' :Lt sd-i-. A Ciiria^e upon rollers 
1 •:- - • : =.-" - : '-*^ ->^- -- '- r-'I ::: the ordinary wav with- 
. u: r.::'.- i — ti.L:. :r a crikt* of sonie kind, because the 
L.i::I J- "r-? :-v i.-.-iinr tu?L so svidienlyand quickly that 
:iv 1 J '.^1.1 ":>: i':::^:-! :\rA:::?: tLe saw at every stroke, 
an.l AS iLt- :Wi :? n::vie durinir the ascent of the saw, 
iLis will s:--:l ::? orvr^rion. thtr ordinary carriage travel- 
linj a5 :: dx-s like a sleijh upon bare ground, needs no 
other brake. 

The mulley having no gate, the feeding gear cannot 
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1 from it in the usual manner. It is customnry 
lUerefiire to take the requisite motion from tlic pitmjin, 
ill much the same way that it is taken from the gale in 
the otlier case, that is, by first driving a rocker from the 
[titmun, and then from that rocker work the evener 
that carries the feed hands. The strokes of the mulle\, 
however, are so very rapid, tliat wlien fed in thia man- 
nor, a continuous movement is kept up, and it is pre- 
ferable, when the nature of the machinery admits of it, 
that is, when a motion can be had from some other part 
if the driving machinery, to diminiwh a motion by belt 
id gear to feed the carriage forward with a smooth 
id equal motion. In this case a pair of cone-shaped 
cylinilers or drums must be placed parallel witli each 
other, and connected by a belt and a hand etaff or some 
:her convenient means provided to reach this belt, to 
ive it towards one end or other of these cylinders, as 
le feed may require to be increased or dimini^lied. 
Ihese cylinders are driven by the large end of the first 
which always turns at the same velocity the feed 
driven from the large end of the second one, which 
rna with a varying speed, according as the belt is 
ted towards either end. These are not the ordinary 
t cone, composed of graduated pulleys, each pair vary- 
their relative proportions and answering the same 
igtb of belt, but tliey are smooth continuous tiqwring 
Hnders, placed with the small end of one to the big 
id of the other, and the belt fitting the same ui»on them 
every spot in the whole lengtli, so that it can he 
ived nnd the ^pecd changed as little or as much as 
ly be required, with ease and precision. 
An improvement in the hanging of raulley san's 
has leen patented, by which the saw has a swinging 
►tion imparted to it a.i it ascends and descends, 
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like the rocking motion given to t!io whip-saw h^- hnod. 
Thia rock is given to the saw by bending the guides which 
direct its upper end like the segment of a large circle, 
which of course causes the top of the saw to describe a 
Rimilar curve, and gives the face and teeth of the eaw 
the rocking rounding motion in passing through the cut, 
which it is claimed enables the teeth to cut more equally, 
and during the whole downward stroke, and at the same 
lime gives them more freedom in the upward stroke, 
and facilitates the discliarge of the sawdust. 

We have seen only one of these, and it running empty. 
Its motion is graceful, and it makes its bow both rapidly: 
and politely, but whether its performances will justify tbi 
high superiority claimed for it hy the inventor and hi 
agents we cannot say, as we have never seen it actaal 
at work. 

The mulley saw is gaining in favor and coming into 
more general use. There are also more varieties, and 
more dliferences between these various mulleys in the 
amount of work performed, and the power applied, than' 
in any other saw-mill, and lastly, there is still a better 
chance for making improvements in this than in all the 
other kinds of saw machines, as the mulley is j-et fur 
from having reached the state of perfection which the 
principle admits of, and we expect to see it so much 
improved, and its present well-known useful peculiarities 
combined and concentrated until it is the most economi- 
cal and most common of all saw-mills on a small scale. 
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Gangs. 

What is understood by " gang" in eaw-mills, ia & gate 
or sash containing a sufficient number of eaws to cut up 
the whole log at once passing through. There are seve- 
ral different kinds of gangs, known by different names, 
iiccording to the peculiarities of their construction, and 
the use to which they are put; they are all pro%'ided 
■ with some means of feeding the logs through, but as they 
pasa through in a continuous line, and are finished at a 
single operation, they require no provision for returning 
the logs in the opposite direction. 

The live gang ia used mostly for logs of different 
qualities and sizes, and not Bufficiently uniform for the 
other gangs. The logs are fed through this by revolving 
iron rollers, which instead of being fiuted, are provided 
with large and strong spikes, upon the sharp points of 
which the knotty and crooked logs that are sawed in 
Ihis gang are carried and held steady. They are merely 
split through and through in one direction, and are after- 
wards edged by circulars. For this purpose there are 
frequently two circulars placed upon the same arbor, one 
stationary and the other movable. The sawyer lays 
the board upon the table with one edge to correspond 
with the 6xed saw, and by turning a winch at the end 
of the table, he moves the other saw to the proper wiJth 
to edge the other side, and lets it go and picks up another 
to send after it as it feeds itself. 
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The slabbing gang and the stock gang are always 
used in connection, as each perforins half of the work of 
or for the other. 

The slabber has an open space left in the middle of 
the gate without any saws, of the same width as the 
stock, that is, the width the square edged lumber is in- 
tended to be, which is generally ten inches ; on each 
side of this space enough saws are hung to cut the rest, 
of the log into the intended thickness of lumber, and the 
sidings thus cut off are edged by circulars; the stock or 
square jKirtion of the log is passed over on to the rollers 
of the stock gang to be finished. 

Two iron tracks about eight inches apart run through 
the centre of the gate, passing through the space alluded 
to Ix^tween the saws, and between these tracks the dogs 
or head blocks which hold the log travel; these dogs 
are not only held up by the ways, but held down, to 
prevent the lo.irs from being lifted by the saws as they 
go up, 8o that the dogs can only be got in or out of the 
traek at either end. 

The dogs are three in number, each double, and hold- 
injr the end of two logs at once which meet upon them; a 
high ledge stands up across the dog, between the end of 
the two logs, and strong sharp spikes run through this 
ledge anil into both logs, the spikes being sharpened at 
both ends, and thus secure the logs to the dogs. 

These dogs travel steadily along, holding and carrj- 
ini' the loi:s with them, and as soon as one of them 
arrives at the end of the ways, it is pried out from the 
log and carried buck to the other end of tKe ways, and 
another log placed upon it when it immediately resumes 
its jiuirnev. These head blocks or dogs are sometimes 
nu>ved liirward by a large screw placed between the 
ways and right under the dogs, which then have three 
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oblique cogs across their under side, at both ends, which 

racBh into the threads of the screw, and as it turns it 

Bcrews the dogs steadily along the ways; the screw only 

^BBAches a part of the length of the ways, one log push- 

^^pg another before it to make the rest of the distance. 

f^ The screw is driven by a small bevel pinion on the 

end, and the pinion is driven by a bevel wheel upon the 

wrng wheel, and the wrag wheel is pushed around by a 

~|mnd in an evener, the lower end of which is hinged, 

nd tlie upper end moved from a rocker as in the Eng- 

1th gale; the different leverage of the evener adding to 

s power upon the wrag wheel and enabling it to turn 

iBcrewwith great power. This great power is not 

requisite to feed the !og against the saws, which if the 

teeth be properly sliaped and sharpened, and the saws 

lung with a proper rake, offer but litlle resi.stance to the 

Barogress of the log: but it is required to impale the logs 

Bpufficiently firm upon the spikes or dogs of the head 

Woclcs, Thfse cinnot be driven in with the end of a 

bar, a» they are with the English gate, because the dog is 

solid and the spikes are immovable, and they are inserted 

^Hlo the log by pressure, this is accomplished by holding 

^Bhti furemost head block with a bar, while the one newly 

^|»laced behind is pushed forward by the screw until the 

dogs are pressed deep enough into the ends of the log 

to bold it secure. When the Ipg co;iie8 through the 

^unwe, the sidings and slabs cut from each side are lifted, 

Hkod the log, when it arrives at the proper place, is loosened 

Hh>ni the dogs and tumbled over upon the rollei-s of the 

^■tbck gang to be cut up and finished. The screw used for 

^■ftrrying these head blocks is about eight inches in dia- 

^Bieter, and cau.s(.>s fi great amount of friction, as the threads 

^■f tbe screw must move through a great distance, and 

^Bmvel comparatively fast, to give the head blocks the 

■ 
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necessary speed. For this reason, the screw is liow 
superseded to a considerable extent by an endless belt 
chain, made with open links, which are of an equal dis-^ 
tance apart and pass over and hold upon knobs or pro-' 
jections upon a small clutch wheel or pinion placed upon 
the wrag wheel shaft. This chain passes over and is 
held extended by a similar wheel at the end of the ways^ 
and the head blocks, instead of the oblique cogs upon 
their under surface to catch in the screw, have project- 
ing toggles that catch in the open links, and attach them 
to the chain. The strain upon the chain in the process 
of dogging referred to, is so great as sometimes to break 
it, but if new links or portions of good chain are at hand, 
the delay and expense of repairing it are trifling, and it 
works so much more directly, and with so much less fric- 
tion, that it is now generally adopted in almost all new 
mills. When the chain is used, the wrag wheel, feed 
hands, &;c., are placed near the gate, a short distance 
from the front of the saws ; when the screw is used, the 
wrag wheel and its accompaniments must be placed at 
the extremity of the ways, in either case the conveying 
power, whether screw or chain, must terminate at least 
a couple of feet before it comes to the saws. This is 
necessary in order to allow the foremost head block to 
be held back, until the one holding the hind end of the 
log is crowded up sufficiently to dog the log before it 
comes in contact with the saws. While both blocks are 
on the screw or chain it is impossible to dog the log, as 
both are held and travel at the same relative distance 
and speed. But when the foremost one gets beyond the 
reach of the chain or screw, it can be held back while 
the other continues on its way, and forces the dogs into 
the log until it i& secure, when the front one is liberated 
and is pushed along by the log and the other block. 



GANGS. 221 

TM Stock Gang. — The saws used in this giing are 



■ely short, beir 



Illy four fee 



It most 
proper 

distance apart for the intended thickness of the lumber, 
and in number sufficient to cut up the largest log that is 
expected to be pawn. Tlie lug or ''stock" is fed for- 
ward upon three parallel fluted ciiat-iron rollers, eight or 
I tun inchca in diameter; these are geared together by small 
^■(^-wheels, which are so connected with the wrag wheel 
^^Bliit it gives them all a uniform mutiun in the same 
■Birection, and at the same epued. Two of these rollers 
iire placed in front of the saws, and feeding towards them ; 
the other is on the other side, and bears up the sawed 
■ log or lumber, and carries it through. Above this fluted 
loUer, and over the stock, a smooth roller is placed in a 
'em frame and raised or lowered by a screw. As soon 
' as the stock enters under this roller, it is tightened down 
upon it by the screw, to increase the grip of the fluted 
roller underneath, the weight of the log not being sufli- 
cient for that purpose. Another similar roller is placed 
over the stock as it feeds in, in front of the saws between 
the two fluted rollers, and when this one it* screwed 
down tightly it presses the stock down upon both of 
these to increase the hold. In frosty weather, when the 
flutfs become clogged with sawdust, and especially when 
I the caws are not kept in proper order, the whole power 
^^^tbe screw pinching the stock between the two sets of 
^^kllers will not prevent a little slip in the feed ; and for 
^Kis reason short sharp ppikes (like those in the live 
^Btng rollers) but smaller, are sometimes drilled into the 
^^Uler next to the front of the saws. 

The press frame of the roller behind the saw is mor- 
tised and keytd solidly into the ways upon which the 
t rollers rest, that in front of the saws would be in 



238 SAW-MILLS. 

the way of the sawyer in hanging the saws or pointing 
the teeth^ and it is either hinged to the ways with strong 
iron clamps, or hung by a roller overhead, in either case, 
admitting of being swung back out of the way, and 
easily straightened back into its place. 

The fluted rollers are supplemented out to each end cf 
the ways with smooth ones, generally of wood, to com- 
plete the support of the stock both ways. All these 
gangs are frequently fitted to take through two logs at 
once, and when the grade of logs is very small, they 
sometimes pass three logs abreast. 

"The Yankee gang" is a compound of the last two; 
the saw gate being double, containing a gang of long 
saws for slabbing on one side and a gang of short stock 
saws on the other, with an upright stile between, making 
a division in the middle; the ways are also double, 
having a set of head blocks carried by a screw or chain, 
on the slabbing side, and a set of rollers upon the other 
side. These are each complete in its details like the 
slabber and stock gang, but combined in the same gate 
and carried by the same power. 

The logs are generally drawn in and placed upon the 
slabber head blocks at the up-stream end of the ways, 
then passed through the slabbing side of the gate and 
canted on to the stock rollers, when they pass back in the 
opposite direction through the stock saws in the other 
side of the gate and are finished ; the slabbing saws are 
thus fticing up stream and the stock saws down stream, 
with a steady stream of logs passing through the gate 
in both directions, when it is at work. 

The Tiinkee gang requires no further description, as 
each side is exactly like its single counterpart already 
described ; and its peculiarity consists in combining both 
in the same gate to be carried by the same power. AU 
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iese gang gates are made in the same way, tiie croes- 
nrs being double, with a space between for the atirrup 
rons, that hold the saws, to pnsa through. 
^ Each eaw is drilled through both ends, and a lug pin 

tout half an iiieli iu diameter, and three-quarters long, 
I fastened into tlie hole by riveting. The stirrup irons 

3 made with a slit in the end to admit the end of the 
ftw, each side being tunied in a hook-siia,pe to catch 
ipon each end of the lug pin ; the lower stirrups have B 
i heiid tiiat is slipped down between the bars, and 
hen turned crosswise, when they hold upon both bars 
dike. The upper ones have a key way made through 
he end about two inches long, and wide enough to 
dmit a key made of saw plate. The keys are cut about 
en iuches lung, one and a quarter inches wide at the 
loint, and two and one-fourtli at the head ; these keys 
le driven through the head of the upper stirrups to 

lin the saws, holding upon the cross-bars of the gnte. 

The saivfl must be arranged and kept in place by 

ne kind of gauges. These consist of either blocks of 
Food of equal and proper thickness placed between each 
ftw at both ends, or iron gauges reaching across all the 
Rwa, one behind and another in front, at both ends, 
^be iron gauges have deep slits cut into them by machi- 
lery, of the right width to slip into the saw plate, and 
raduated to the proper distance apart, for the intended 
liicknesa of the lumber, that is, the thickness of the 
tuff and about one-twelfth part of an inch additional 
>r set or clearance on the saw draft. These gauges 

B made of broad flat bar iron, and have a gauye fur dif- 
irent thicknesses cut in each edge, so that each piece 
f gauge will answer for two different thicknesses of stuff, 
y merely turning it over. 

A crutched iron i.^ bolted on to the gate stile at each 
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end of the gauge, to which they are fastened, by the 
ends passing through the slit or crotch, and these ends 
being rounded and screwed, have each two nuts upon 
them, one on each side of the crotch. By turning these 
nuts, the gauges are shifted until the saws are brought 
plumb and true, and are then fastened by tightening the 
nut against the crotches. Only the two gauges holding 
the backs of the saws require this provision for shifting, 
those holding the fronts are bolted flat on the two cross- 
bars of the gate, and being placed carefully and true at 
first, they do not require to be shifted. These gauges 
are expensive, as the iron of which they are made must 
be pretty thick to be safe against accidents, to which 
they are continually liable, by the sidings or slabs getting 
loose or split and coming in contact with them. This 
thickness makes the cutting of the recesses fur the saws 
a tedious process, and a complete set of this kind of gauges 
for all the various thicknesses cut for both slabber and 
stock gang, would amount to quite a sum, and it is cus- 
tomary to have these only for some of the most com- 
mon thicknesses, and then use wooden gauges for all 
other grades of lumber. 

The wooden gauges or blocks between the saws answer 
the purpose when once in and tightened up all right; 
but the great objection to their general use is, that they 
require too much time to change the set of saws, and 
thus furnish the constant temptation to run the saws too 
long without changing or sharpening. 

The saws in a gang are so close together that they 
cannot be filed in their place like a single saw ; besides, 
there are so many of them that it would cause too much 
waste of time to have the mill idle and the rest pf the 
hands waiting until the saws are filed ; hence it is cus- 
tomary to have two sets of saws, one set being filed and 
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itted wliile tbo other set is at work. When provided 
nth these iron gauges, iin expert hand will change a gnng 
I twenty or thirty niinufea, or while the other hiind.s 
re at their meals, and then it is customary to chnupe 
Wro or three times in the twenty-four hours, but when 
he wooden blocks are used for the gauges, it tiikes 
Bveral hours to make the change, and the sawyer will 
oint the teeth, once at k-aat, and perhaps two or three 
linen in the gate to get the saws to run as long as possi- 

i without changing. 

Many years ngo we used a very simple iron gauge 
rliich answered the purpose well, and the same gauge 
ould be adjusted to any thickness. Why it has never 
ume into use, is a question fcr solution. It was nuide 
r ft piece of round iron of the proper length, screwed 
rom end to end the whole length ; this was fastened in 
;iro crotch irons at the end like the other, and the saws 
lad a slit cut in them by drilling a hole at the proper 
►lace and cutting the edge through to it with the gum- 
The screwed rod passed along in this slit, and a 
|ut on each side of each saw was adjusted to the tfquired 
auge or thickness, which secured the saws in place, A 

toden gauge or pattern was required, with the saws and 
paces marked upon it, for expedition and accuracy in 
etting these for any particular thickness of stuff, but 
rheii once set, there was no further trouble with them 
lore than the other kind, until a different thickness of 
timber was required to be sawn, when the nuts were T&- 
^'usted by the pattern representing the grade wanted. 

The wooden gauge blocks referred to are made of 
berry, or some other good and moderately hard wood, 

lout six inches long and three and a half or four inches 
lide, and one-twelfth of an inch thicker than the stuff 
itended to be ttawn. 
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A piece is cut out of both sides at the middle to clear 
the stirrups^ and a hole bored through, opposite the lug- 
pins. These clearances are required, to let the blocks 
come in contact with the saws. One comer is also 
bevelled off from each piece, from about the middle of 
the end to the middle of the edge, of all the upper blocks, 
for clearance and convenience in placing and removal 
To hang the saws with these, the outside saw is placed 
and adjusted by four set screws, that are screwed into a 
thick plate sunk into the stile of the gate; the heads of 
these bolts are square for convenience in turning, and 
stand out so as to come in contact with the saw, or 
rather with a block that intervenes between the bolt 
and saw, when the first one is hung in. These bolts, 
two above and two below, are screwed in or out until 
that saw is made plumb and true, then a- pair of gauge 
blocks are placed, and another saw alternately, until aU 
are hung in place, when the last one is secured by the 
four set screws and intervening blocks, the same as on the 
other side ; each saw is then strained or tightened sepa- 
rately by driving the key through the head of the upper 
stirrup, as already indicated. The stirrups used for the 
upper ends of the saws are, so far as we have seen them, 
nearly all alike, but there are different ways of attaching 
the lower end of the saws to the bars of the gate, one at 
least of which is more convenient than the long loose 
stirrups we have described. This consists of a piece of 
strong iron, like boiler plate, with the upper edge curled 
over in the shape of a hook, and then bolted on to the 
gate bar ; this makes one continuous hook from end to 
end, on any part of which there is a good grip and free 
chance to shift either way. To match this, the saws 
have each a short hook stirrup, fastened permanently on 
the lower end, and this is slipped down and hooked into 
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looking edge of the boiler plate, and ia easily ad- 
(nsted to the gauges when they are applied. 
' A gang giite when made of wood must be of good 
imbcr and well put together; it must be ironed along 
H the bars where the Btirrupa have their bearings, 
lesides being well bolted and clamped together at the 
Orners and all the principal joints; otherwise the strain- 
Bg of 80 many saws in it with the jamming and banging 
t has to endure, independently of accidents, soon wears 
t out, especially if the sawyers are principally rough 
preen hand^. Although such a gate ia considerably the 
lieapeat at first, an iron gate i^i certainly the cheapest 
A the end. An iron gate ia simple in construction, the 
aain item of expense being in the weiglit of the mate- 
ial, and is not iiffected by wear and tear like tlie wooden 
iies. A good one will wear during the life or running 
fan ordinary mill, and then be worth nearly as much 
i at first, to put into another mill. 
' All the details uf the gang machinery, aside from the 
bte and gig-back works, are identical with those of the 
English gate, only on a larger scale. The power of 
thcel, and strength of shafting, crank, pitman, &c., are 
lut double those of the English gate. The crank used, 
jwever, is shorter In the stroke than that of the English 
lie, being from eight to eleven inches, while the other 
from eleven to fifteen ; this gives it more purchase on 
le pitman and gate, and helps to account for its carrying 
I many more saws and so much more weight, at nearly 
le same speed, as the English gate carries its single 
m, and all this with only double the power of the 
;ber. 

The gang, taken altogether, is the most economical 
lethod yet devised for making lumber on a large scale. 
The saws used are thinner than any others, either up- 



234 SAW-MILLS. 

right or circular^ the difference being sufficient to average 
at least one piece more lumber out of each log.. The 
saving of this extra piece of lumber is a consideration, 
but scarcely as much as saving the power and wear, and 
tear that are otherwise required to cut that extra piece 
into sawdust. Again, all the time and labor consumed 
in gigging back and setting the log over for the other kinds 
of saws is saved, with the power and wear and tear that 
that process requires. The hands attending are also more 
economically employed, having only to supply and feed 
the stream of logs passing through and carry away the 
lumber. When we add to these considerations the fact that 
only double the amount of power is generally applied to 
the gang carrying two or three dozen saws that is ap- 
plied to the English gate with a single one, and little more 
than half the power generally applied to the large circu- 
lar, the economy of the gang will be apparent. In addi- 
tion to the economy of the gang in power and timber, we 
have another point worthy of regard, namely, the supe- 
rior quality of the lumber made. Gang sawn lumber, as 
a general rule, is truer, more equal, and smoother, than 
that sawn by either the English gate, mulley, or the big 
circular, the difference being sufBcient to average one 
cent in value upon each piece in favor of that sawn by 
the gang. This preference is partly due to the gang 
cutting completely through and leaving no stubshot end. 

The big circular of course cuts through the same way; 
but, on the other hand, the lumber made by it is the 
roughest and hardest to dress or plane, as it is always 
more or less circled and ridged by the variations of the 
saw in its revolutions. 

The form and construction of the wooden gang gate 
will be understood by the following description : The 
upright stiles may be of spruce, it being stiff and light, 
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lit BIX inches by seven, the cross-bars of good hard 
ilirooi!, three inches tliick and about a foot wide : these 
hree-inch burs are notched into the seven-inch stiles, one 
D each side, and made even and flush outside, which will 
*ve ftn inch space between for the saw stirrups. The 
me must be determined by circumstances, that is, the 
Ireight must be made to answer the length of saws in- 
fendcd to be used, and the width by the number of suws 
htended to be hung in it, or, rather, by the general size 
f the logs to be eawn in it, and whether intended for a 
ISngle log or two abreast. 

The Yankee gang has a third uprigJit stile dividing it 

1 the middle, and two short bars mortised in below the 

Ppper cros!s-bar, to shorten the space for the stock saws. 

rhe common width for each side of the Yankee is thirty 

■tiches clear space, the centre dividing stile being the 

Utme width ns the others, but only three and a half or 

lur inches thick. 



CHAPTER XV. 



THE CIRCULAR SAW.MILL. 



The large circular saw used for cutting ordinary round 
Ifcw logs into lumber, is from forty inches up to six feet 
1 diameter, according to the size of logs intended to be 
Irorked up. The saw is hung upon a horizontal arbor, 
nd generally made of cast steel, about three inches in 
^ameter, and six or seven feet long. This arbor, as 
*I1 aa the feed and gig-lmck shafts, is hung in a wooden 
riron frame, about four feet wide and seven long, and 
tom nine to twelve inches deep. This central frame 
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is made of four, or sometimes six pieces, fastened at the 
comers with bolts, so that it can be taken to pieces^ to 
ship or move from one place to another. The coUam, 
securing the saw on the arbor, are generally of wroaght 
iron, the movable one being tightened against the saw 
with a screw nut. The arbor runs in adjustable babbit 
boxes, both being sometimes cast in a movable piece 
which reaches across the main frame, and can be shifted 
to give the saw more or less lead. 

The feeding works consist of a cone of three pulleys, 
for a three-inch belt, placed upon the saw arbor; t 
similar cone is placed upon a small shaft lying parallel 
with the arbor, the two cones being connected by a belt. 
On the other end of this small shaft is a small leather 
pulley three inches in diameter ; under this last shaft is 
a third one, with a small pinion on the end, which 
reaches under the carriage, and gears into its rack of 
cogs. Directly under the small leather pulley, and on 
the last-named shaft, is a large iron pulley, turned true ; 
along side of this is another pulley of the same size, with 
flanges to keep on a belt which hangs loosely around 
this and a small one on the saw arbor. These are con- 
trolled by two levers; one presses the small leather 
pulley in contact with the large iron feeding pulley, thus 
feeding the carriage forward ; the other presses a tight- 
ener against the slack belt, and thus gigs the carriage 
back. The two levers are placed so that the sawyer can 
both feed and gig back without changing his position. 

The head blocks are of iron, and the more modem 
are shifted and set by screws ; experience having proved 
the screw to be the most reliable and accurate device for 
that purpose. 

The carriage is made in sections, for convenience in 
transportation ; it is set upon small wheels which run 
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pon an iron track, and is genernlly made to cut etuff 
wenty-four feet long. By lengtlieniiig the carriage and 

ick it can lie made to cut any reasonable leu'^tli. 

A portion of the centre of every circular eaw is covered 
ty the collar which secures it upon the arbor, and it is 
nly the depth from this collar to the circumference 
r the saw that is available for the cut; therefore a large 
iameler of saw is required to cut very large logs. This 
iecessnry increa-^e of size causes a large increase of origi- 
irI cost, in the first place, and it also involves a corres- 
onding increase of thickness in the saw, wliich increnses 
he width of kerf, and consequently waste of wood and 
riving power, in like proportion. These limit the 
coiiomic application of the circular saw to about five 
set diameter; and when deeper cutting than this size 
fill reach ia required, it is found to be more economical 
> use two saws, one of four feet or less, placed in the 
rdinary position under the log. and a smaller one on an 
rbor above, and a little behind, and parallel with the 
iwer saw, to complete the cut. 

The sizes of these two saws should be graduated by 
dculating the probable average sizes of the logs to be 
WB ; tlie lower one should be large enough to cut all 
lie medium and small-sized logs, and the u[iper au\ili> 

|f one only large enough to complete the cut of the 
ttwer one through the larger logs. By this arrangement 
thinner and cheaper gauge of saws is used, with less 
taate of timber and driving power, and less danger of 
inking or buckling the saws. And as the greater part of 

^ work is performed by the lower saw, while the upper 
pe remains idle, they are also much eaj!ier kept in order 
iian the very large single saw which would be required 
P do the work. For these reasons the double saws are 
koch used iu California and the Western States, and 
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Lerever the growth of fin»l)er is liirge; while in the 
Northern and Eastern States and adjoining Britiali Pro- 
vinces, where the timber is lighter, the single large cir- 
cular 13 much oftener used. 

It would be a useless occupation of time and space to 
enter into a fuller or more minute description of these 
machines, as they are now made in regular m;tcliine shops 
by experienced workmen, who understand all the details 
of their parts and construction much better than we do, 
■nd as they are all completed and ready to set to work, 
the ordinary millwright or sawyer has nolhing to do to 
one when it arrives from the shop but to put it properly 
together and run it. We will, therefore, only give such 
instructions as will enable the millwright or sawyer 
to do this. 

First place the ways for the iron track perfectly 
raight and level, parallel -with each other, and out of 
wind; then strike two chalk lines upon each way, the 
"vidtb of the iron track apart, for a guide by which to 
place the pieces of track. Place the track to balance 
equally between these two lines, but before fastening It 
down, stretch a line the whole length along the guiding 
corner of the track, if it be a square one; if V shaped, 
along the apex, and regulate aiij' inequalities in the dif- 
ferent portions by this line. Next place the sides of the 
carriage in position on the track, and then place the 
centre frame carrying the saw-arbor and machinery upon 
these, taking particular care to have the track and the 
arbor at right angles with each other. See that the 
arbor turns free in its boxes, without being loose. The 
saw collar makes a shoulder against the box, to prevent 
the arbor from shifting endways in that direction ; a 
movable collar at the other side of the box forms the 
otlier shoulder; this should he placed about one-twentieth 
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of an inch clear of the box, to admit of end play, and 
made fast by its set screw. The nut and loose collar 
may now be taken off, and the saw tried on ; it should 
be a little slack, both on the arbor and bolts, otherwise 
if the arbor should heat it might injure the saw. The 
loose collar may now be put on and tightened up by the 
nut; see that the collars fit perfectly true and even 
upon the saw ; the fast collar should be true next the 
saw, but the loose one may be slightly concave. If they 
do not embrace the saw equally, rings of paper should 
be interposed to perfect the bearing, and the nut again 
tightened, now hold a gauge firm upon the saw guide 
against the side of the saw, and turn it round by the 
pulley and see if it runs true ; if not, slips of paper must 
be put between the collar and saw at the point to which 
it inclines, until it does run true. When thus adjusted, 
to train true by the gauge all around, take hold of the 
saw and jerk it back to make it grip tight on the driving 
bolts, and tighten up the nut. It will facilitate the 
hanging of the saw at any future time, to mark it and 
the fast collar, so that the same side of each can be 
placed together every time it is rehung. 

The saw should be perfectly straight and true on the 
side next the log, all the dish or convexity being on the 
slab side ; you should test this by a straight edge before 
attempting to try it in a log. We have known several 
sawyers to be perplexed by getting the saw with the 
dish to the wrong side, when everything else about the 
machine was correct ; and they were trying in vain to 
find the fault in something else. 

The metallic disk in front of the saw, which carrieB 
the board, also springs it out from the cut, and relieves 
the saw on the slab side. This gives it a slight tendency 
to run towards that side, and to counterbalance this, the 
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r mu»t be set (hung) witli a slight inclination towards 
9 log. To do this, run the carriage np until a head- 
(ck is opposite the cutting aide of the saw, measure 
he distance c-xnctly from this side to the block, then 
»ve the head-block forward to the back side of the saw 
nd measure tlie distance there. The distance at this 
Mile should be about the twentieth part of an inch more 
than at the cutting side; tliis is the average difference, 
but circumstances may require this to be varied, some 
requiring mure and some less. 

P These saws should be geared so that the teeth will 
avol at (he rate of about seven thousand feet per minute, 
hen cutting ; and to obtain this working velocity with- 
out an excessive and dangerous speed when running 
empty, the water-gate should be i-egulated by a governor, 
to control the speed, the same as when driven by steam. 
iie want of this is the most common defect in circular 
kw-mills, when driven by water. A circular saw-mill 
"when driven by water, and maintaining anything near 
a uniformity of motion when working, and running idle, 
is very rarely seen; in fact a great proportion of them 
Bdieck up very perceptibly in running through an ordi- 
^ptry cut, and many will almost or quite choke in a deep 
^lard cut, requiring the feed to be stopped and perhaps 
the log slacked back, to allow it to gain speed and 
momentum sufficient to carry it through the cut. 
. This is a great source of trouble to the sawyer, and 
■yurious to tlie saw and machinery, and when a man 
H gone to the expense of starting a circular saw-mill 
BUS defective, the best policy he can pursue is, to lay 
■t enough more upon it to furnish a sufficient power 
pd some convenient method to control and regulate the 
pwer to the varying requirements of the machine. The 
; and unwieldy gate supplying the water to most of 
16 
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the wheels used for driving the circular saw-mill does 
not admit of control by a governor; but several of the 
wheels used admit of an additional chute and gate, and 
in this case the original gate should be opened to its full 
extent, and the small additional one regulated to furnish 
or withhold the auxiliary power, as required. When 
this plan is not admissible, then a small additional wheel 
may be put in, and the governor attached to its gate, for 
it is worth considerable trouble and expense to get rid 
of such a nuisance, especially where the water is limited 
in quantity or duration, for the water must be econo- 
mized in order to cut out the quantity intended, while 
on a large and durable stream the sawyer may balk 
and bungle with a mill defective in power, and yet cut 
out a good stock of logs. Many good millwrights err in 
thus furnishing too little power to the circular, expecting 
to economize the water, but it is mistaken economy ; it 
is like sending a small team to transport a heavy load 
over a long journey — they will stick in every mud-hole, 
and balk at every hill, while a team a few hundred 
pounds heavier would walk comfortably along with the 
same load. 

The power required to drive the circular saw depends 
on its size and the quantity of lumber it is intended to 
cut. Thus, twelve horse power will drive a forty inch 
saw, and cut about 2500 feet of soft wood lumber in 
twelve hours ; fifteen horse power will drive a four foot 
saw, and cut about 4000 feet in the same time; twenty 
horse power will drive a four and a half foot saw, and 
cut from 6000 to 7000 feet in twelve hours. Twenty- 
five horse power will drive a five foot saw, and cut 8OO0 
to 9000 feet of soft lumber per day. Thirty horse power 
will drive a six foot saw, and cut from 9000 to 11,000 
feet per day. Forty horse power will run the largest 
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9 that are made, niul cut from 12,000 to 18,000 feet 
icr day. Tliis is a'umt the avornge atnuunt of soft wooil 
unibor that each will cut Mhoii in ordinary condition, 
nadiiy of twelve hours, iiicluiling nil ordinary atoppnges. 

In (Jrdur to ascertain how mimy horse power any par- 
icular head and quantity of water will furnish, see 
rable.s in another part of this work. 

We neglected to give in the proper place the necessary 
tireclions for setting and sharpening circular sawa. Tlie 
is set by bending each alternate tooth to one side, 
ibout one-sixteenth of an inch ; the intermediate teetli 
fcing of course bent to the opposite side tiie ^atne dis- 
jinco, the amount of eet must be varied according to the 
Lind of wood and other circumstances. The most con- 
retiient set is an iron about ten inches long, with a slit 
if the proper depth and width, cut out of the end, the 
lottom or termination of the slit being drilled out, or 
riduned to save the corners of the teeth by griping 
tlenr of the point. This should be bent to a right angle 
lear the slit end, so that the strain of bending the tooth 
(rill be applied in the direction of the saw plate, instead 
f sideways. A very liiird saw mny be set more Siifely 
ty holding the outside of the totitli against a suitable 

n, and striking the other aide near tlie point, with a 
lammer. Some kind of gauge should be used, to insure 
quality in the set, particularly with circulars, as these 
anuot be accurately tested either by tliecyeor astraight- 
idge. A good gauge is made of a thin piece of hard 
rood cut in the aliape of a colhn, about si.-c inches long, 
piii three wide; four small wood screws are inserted 
litu this, for legs, the two at the shoulders and the one 
t the foot being exactly level, but the one at the head 
liy ciDe<4<txteenth of an inch lnwcr (i-borter) than the 
then. Place this gunge with the first three nuil-lieuds 
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against the side of the saw, and the fourth short one in 
a line with the pdint of the tooth, and adjust all the 
alternate teeth on both sides of the saw lo the short nuil- 
head. 

To true the points of the teeth, hold a piece of stone 
firmly on the saw guide, and let the saw run about half 
speed, move the stone carefully forward until the longest 
teeth are ground off, and the shortest one touches the 
stone; then file all the points or undersides of the teeth 
first, and, in doing this, the caution given for filing the 
under side of upright saw teeth must be strictly at- 
tended to, as a slight bevel to the cutting side of the 
teeth of a circular will afifect its running as much as a 
mulley saw. 

The arbor in this case furnishes a constant source of 
comparison by which to regulate the bevel of the file; 
then file tiie backs of the teeth down until the ground 
points are just visible. 

The teeth of the circular have the same tendency to 
wear oflT in front, and narrow at the point, as upright 
saw teeth, and require the upset punch and little ham- 
mer to be used freely; the latter in the hand of an 
experienced sawyer, with a six square steel mandrel to 
hold against the under side of the tooth, is the best. 
This mandrel, if eight or ten inches long, and tapenug 
from two inches in diameter at one end, to three-fourths 
of an inch at the other, will answer for any pitch of 
teeth. See remarks on this subject in the article on 
upright saws. 

The edging Circular. 

The Table for the edging saw is from 24 to 30 feet 
long: 2i to 3 feet high, and about 2i feet wide. It is 
made with two parallel sticks, four inches thick and six 
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Slgnt deep, supported upon legs of the same material 
t suitable distances. 

The box or beiiring of the arbor nest the saw is set 
nto (he back stick of this frame, the saw running over 
t into the inside. 

A short counter frame is extended out from the centre 
f the main one, supported on two extra legs, into which 
;be other box of the arbor is set. The arbor, with its 
julloy and driving belt, is thus outside of the main 
frame, leaving the space between the parallel sticks clear 
br the carriage and its supporting rollers or tramways. 
Sometimes parallel wooden rollers are hung ujion iron 
journals between these sticks for the carriage to traverse 
Upon. Someliniea iron wheels are placed, two upon 
Bnch iron journal or shaft, instead of the wooden rollers ; 
in either case, the table must be furnished with these at 
fuitable distances, its whgle length, A preferable way, 
Kcause more accurate and durable, is to place four small 
!Bst-iron wheels under each side of the carriage, and 
^ther a square or V-shaped track under the wheels, the 
Irhole length of the table; in this case a piece should 
either be rabbeted out of the upper inside corners of the 
wo sticks composing the frame, or a piece spiked on to 
tbe inside of each to place the iron track upon, as the 
carriage would be too high above tbe table if the track 
were placed on top. 

When the carriage is completed and located on its 
track, a board or plank must be placed along the back 
rtick of tbe frame to level it up to the surliu-e of the 
Carriage, or rather one-eighth of an inch lower; this ia 
required to support the edgings or strips cut off by the 
, which are behind it, and consequently over the 
ick edge of the carriage. When a circuliir is to \>e 
I for splitting wide stuff down the middle, the saw is 
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sometimes made to run in a slit in the middle of the 
carriage. In this case the parallel wooden rollers re- 
ferred to above are the best for transverses, as they sup* 
port the carriage equally along its whole width, and this it 
requires, because the slit in which the saw works divides 
the carriage in two, and prevent any cross connecticm 
except at the ends. The wooden rollers furnish the 
necessary support to the middle of the carriage, which 
otherwise would bulge down by its own weight, and that 
of the stuff to be sawn. 

It is the practice of many mills merely to straighten 
both edges of the stuff as wide as the piece will make, 
one edge being first cut off, and the piece turned over 
and run through again, to straighten the other edge; 
this saves all the square part in one piece, but without 
any regard to width, or having the two ends equal. 

At other mills, the stuff is slit down to a certain width 
and parallel, the surplus pieces cut off being worked up 
by other saws into fencing, strips, laths, &c. When this 
is done by a single edger, two gauge-pins are set into an 
iron plate, one near each end of the carriage, and sunk 
down in a groove in which tliey can be moved and set 
by a marked scale to any required width. 

In some large mills two saws are hung side by side, 
one being secured on the arbor in the usual way, the 
other movable and made to slide closer to, or farther 
from the fast one. This is moved by a handle projecting 
from the end or side of the table, and set each time to 
suit the varying width of stuff: this is generally geared 
to feed itself, and of course edges both sides at once, both 
edges being made parallel. 

The same rules for hanging, setting, and sharpening 
the large circular, will apply to the edger, shingle, or 
lath saws, and need not be repeated, except that circu- 



LOG TABLE. 347 

P cross-cutting aliould be filed with more or less 
Bvel nccoriiing to tlie kind of wood find work, and tlie 
irward hook of the teetli dispensed with; the front 
biDting to the arbor, instead of to a circle two-thirds of 
lie diametf r of the saw, which is the best rule for the 
ont of the slitting teeth. In some circumstancee the 
leth of a cross-cut circular may be slanted equally from 
0th eides like the teeth of a hand cross-cut, and will 
rork safer and better, it then crowds the wood slightly 
way from it, which tends to regulate the feed, or rather 
dmits of greater freedom and safety in feeding. The 
elocity at which the edging circular should be run 
epends upon the size of the saw, the amount of power, 
bd the work intended; in ordinary circumstances a 
iAeen inch edger should make from fifteen to eighteen 
lUndred revolutions per minute. It is desirable that 
be edger. like the circular, the barley millstone, smut 
lill, and all other swift revolving machines, should be 
Bared to increase the speed as little as possible when 
nnning empty. 

Log Table. 

We give below a Table of Logs reduced to inch board 
easure, showing the amount of one-inch Btufl* that can 
cut out of logs of various lengths, from ten to twenty- 
'e feet, and of dtfibrent diameters from twelve up to 
rty-four inches. 

To find the amount of lumber a log will make : First 
id the length of the login thefirst, or left-hiuid column ; 
en on the top of the page to the right, find the dia- 
eter, and under the diameter, opposite the length, will 
> found the quantity that length and diameter of log 
fill make. 
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CHAPTER XVI. 



GRIST-MILLS. 



There is no rule that can be set down as of general 
application for the construction of the building for a 
grist-mill. Each new site selected to build upon, the 
millwright will find diflFerent in some respects from every 
one he has ever before built upon; and there are so 
many contingencies to be considered, and harmonized, 
that he will have full scope for all the ingenuity and 
common sense he may possess, to reconcile these conflict- 
ing considerations, and determine all the points involved, 
to the best advantage. First, are the height and features 
of the bank, then the height, entrance, and exit of the 
water; the road t)r approach, for the convenient delivery 
and loading of the grist, next the kind and quantity of 
work, or grinding intended to be done ; and the kind, 
quantity, and position of the machinery required to do 
that amount of work, with this particular head and 
quantity of water; lastly, the material of which it is 
to be composed. 

Here we may remark that whatever material may be 
selected for the main structure, the foundation should, 
if practicable, be of stone at least as high as it will be 
exposed to water, and the height will depend in a great 
measure upon the kind of water-wheel used. With any 
of the different turbine wheels (wheels upon a vertical 
shaft) a low basement, barely sufficient to work con- 
veniently in, will suffice; as the flume can be carried 
up throngh the lower flour of the first story, containing 
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Ihe' Ijridge trees and machinery; or it may he outside, 
in a detached space and the water carried under 
this floor to supply tlie wlieels, 

Wlien the oven-hut wheel is used, and placed inside 
the mill, the stonework should extend at least to the 
beiglit of the wheel, and the gpout or Sume supplying 
4t with water, and the stones, bolts, &c., should if possi- 
ble be placed above this level, because when the dust 
■ accumulates in contact with the spray, or dampness from 
I the water, a fermentation ensues which soon affects 
woodwork and everything else susceptible of decay. 
Sut this arrangement might clash with another conside- 
ration equally important in the construction of a custom 
mill, which is, that the main floor occupied by the stones, 
&c., should be at the proper height to correspond with 
(he road and mill-yard, for the convenient loading and 
unloading of teams at the door ; this is best accomplished 
by extending a platform around the door at a convenient 
lieiglit for a wiigon, and this platform should agree 
■with the mill floor, so that a truck or other wheel con- 
trivance may be used for carrying the bags. 

We have geared several mills lately, with from four- 
teen to thirty feet head of water, the water being con- 
veyed along the bank behind, in a canal, and the build- 
ings on a flat below, with the mill-yard and road only a 
few feet ahove the level of the tail-race; some of these 
were driven by overshot wheels, varying from fourteen 
to twenty-seven and a half feet, and others by turbines 
(tf various kinds. When turbines were used the flumes 
were always placed behind and outside the mill, the 
Irater being conveyed to the wheels tlirough the open- 
ings left in the fou.-idation walls for that purpose. When 
Overshots were used, they were placed in a separate 
iheel-house, also behind, and between the mill and the 
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bank ; these were geared by placing spar geared aeg^ 
menttf around the outside of the rim of the water wheel 
next to the mill, with a pinion woiicing in these ; this 
pinion was placed on the descending side of the wheel 
and near the bottom ; a shaft from this pinion was carried 
through an opening in the foundation wall to the inside 
of the mill where a bevel wheel was placed upon it. This 
wheel geared into a bevel pinion on an upright shaft 
which carried either a spur wheel or belt-drum, from 
which the spindles and stones were driven. A small 
shaft was coupled on to the top of the upright shaft and 
carried up through the mill, to drive the bolts, eleva- 
tors, &c. 

This upright movement is sufficient for two run of 
stones, or three at most; where more are intended, the 
horizontal shaft is extended further into the mill and 
another set of bevel gearing, upright shaft, &c., similar 
to the first is set up, and the work divided between the 
two. 

We have also geared some overshot mills where the 
road and mill-yard were on the bank, and the wheels 
inside of the mill, and underneath the machinery ; two 
of these are belt-mills and were geared in the following 
manner : A bevel gearing was put on, the whole size of 
the water wheel, by bolting segments around the outer 
face of the rim holding the buckets; to do this we placed 
an extra thickness of plank around that rim, four inches 
larger in diameter than the original rims, and thus pro- 
jecting two inches past the wheel all around. In this 
was turned out a groove or recess the exact size and 
shape of the segments, the outside of the groove being 
equal to the circumference of the wheel ; this was neces- 
sary in order to get a substantial shoulder bearing in 
the wood for the segments (without which, the bolts 
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alone would not la»tt long) and nt tho same lime allow 
Ihe bolts to pass through near the outer eJge of the rim 
to clear the buckets, A bevel pinion matching into 
these segments, was placed upon an upright shaft resting 
on a bridge tree along side of the water wheel, and a 
^Tum built upon this shaft carried the belts for three run 
hT stones and a smut machine ; a small ehaft was coupled 
■on to the drum-shaft, as in the others, to drive the ele- 
vators, &c. ; each belt hnd a bearer under it to keep it in 
place when slack and idle. These bearers were let into 
,» groove turned in the drum for that purpose, and thence 
tended to the sheaves upon the spindles and around 
inder these. A movable tightener was hung between 
two horizontal arms in an upright shaft, standing outside 
of each belt, on the slack side between the drum and 
fibeave; these were brought against the belt by a weight 
lUached to a rope passing over a pulley, and the other 
id made fast to the tightener frame. By this means 
the belt was tightened and the spindle and stone set in 
motion j by withdrawing the tightener and raising the 
weight, the belt was slackened and rested upon the bearer, 
and the stone was stopped; another rope was attached to 
the opposile side of the tightener frame, and passing up 
through the floor was connected with a windlass or hand- 
,ff convenient to the stone. Thus the tightener is 
trolled, aud a run of stones can be started or stopped, 
liile the rest of the machinery is in full motion. 
Another mill, driven by a twenty foot overshot, was 
d in the following manner: An extra rim was put 
lund the arms seventeen feet in diameter, and bevel 
put ujKtn ihis; a crown wheel or pinion four 
t in diameter to mulcli this gearing was put upon an 
Ti^ht shaft, and upon this shaft a spur wheel, nine feet 
five inches in diameter, was placed, working above 
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the water wheel, and gearing into pinions of twenty-two 
inches in diameter on each spindle. Those pinions sre 
thrown oat of gear by a long lever working under ^ch, 
a hand-staff attached to the long end reaching up through 
the floor for convenience in throwing them out or in 
gear. This requires the whole machinery to be stopped, 
either to stop or start a run of stones, and the milkr 
has generally to go below and shift the pinion a little 
that it may enter the cogs before it can drop into gear. 
Another objection to this arrangement is, that the miller, 
anxious to save time, will sometimes drop the pinion 
before the spur wheel is entirely at rest, and break the 
comers off the cogs. 

The stonework of this mill is twenty-four feet high 
at the end where the wheel is situated, the other end 
running upon the bank where the wall is only thrive or 
four feet above the surface. A wooden (frame) buiUing 
is set upon this, in which the stones, bolts, &c., are 
placed. 

Another overshot mill is geared in the following 
manner : the wheel is twenty feet in diameter with three 
rims, and two tiers of five feet buckets. It is placed close 
to the end wall, and around the rim next the interior is 
a spur gear of heavy segments; at the descending centre 
of these segments a shaft is placed, with a pinion on one 
end gearing into these, and a bevel wheel on the other, 
this bevel wheel drives a bevel pinion and upright shaft 
carrying a spur wheel, seven feet in diameter. This 
spur wheel drives two pinions secured upon two spindle^*, 
ejicli spindle being supported upon its respective bridge- 
tree under the stones; these spindles, however, do not 
carry their mill-stone upon a bail and driver in the ordi- 
nary way, but terminate in a true turned cone at the 
top. This cone is sunnounted hy another c mcave por- 
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tion, or hollow cone, which fits it exactly, anil is a1- 
tat-hed to the running mill-stone. 

To start these stunes, the pinion and lower or conical 
■portion of the spindle being in motion, the bridge-tree 
eupporting these is raised, thus bringing the cone and 
socket in contact, and driving the mill-stone by friction ; 
to stop the stone, let duivn the cone until out of con- 
tact, and the stone will remain at rest, while the cone 
continues to revolve with the rest of the machinery. 
On the other, or ascending side of the wheel, and at the 
Bame height (the centre), is another pinion working in 
the segments, and having its shaft, bevel gearing, and 
everything else, exactly like the other set, and driving 
two more run of mill stones in the same manner. At 
the highest point of the wheel above is a third pinion, 
working in the Bame segments, and driving an upright 
shaft which carrier the smut machine, and all the machi- 
nery above. This appears to be a substantial and dnra- 
ble combination of machinery, and provides for stopping 
or starting a run of stones, with the other machinery in 
motion, as conveniently as the belt gearing, and when all 
the stones and machinery are in operation, it answers 
the purpose well ; but when only a part, or say one run 
of stones is working, all the other pinions, and shafts 
and wheels, are running empty and idle, and this in- 
volves a considerable waste of power, and useless wear 
and tear of machinery. 

We intended ending our observations on the different 
plans of constructing these overshot mills with this 
one, but since there is such a variety of these it may 
^xjntrihute something to iissist in determining the most 
suitable arrangement for a new mill. We will describe 
& few more variations in detail, and we do tiiis the more 
willingly, from a consideration of the fact, that much of 
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the difference in mills occurs among these overshots, 
those driven by the various wheels of tnodem invention 
admitting of much more uniformity of construction. 

The following method of belt gearing was introduced 
several years Ago by Columbus Smith, a celebrated 
American millwright. He geared several mills with 
wheels varying from sixteen to twenty-four feet in dinr 
meter, each having three rims with two tiers of buckets, 
varying from five to eight feet in length, and driving 
from three to six run of stones each. These wheels had 
a spur gearing of segments placed around one rim, with 
a pinion to match, placed about the centre of the descend- 
ing side; this pinion drove a long heavy shaft extend- 
ing through the lower story of the mill, and parallel 
with the husk-timbers, and bridge-trees; upon this 
shaft a long continuous drum (or several short ones) was 
placed, about eight feet in diameter; a bevel pinion was 
put on each spindle, and another bevel pinion gearing 
into these was placed upon a short horizontal shaft at the 
foot of each spindle, and lying parallel with the large 
drum. Upon the short shaft a sheave or pulley was placed 
along side of the bevel wheel and a belt passing around 
this pulley and the big drum connected them together; 
the driving side of this belt was below, and a heavy 
tightener w as placed upon the upper, or slack belt, to , 
start or stop a run of stones. 

To effect this, a rope was made fast to the frame of the 
tightener, and the other end attached to a windlass above, 
near the stones. By slacking down the rope by the 
windlass the weight of th^ tightener upon the belt 
caused it to gripe and start the pulley, thus the whole 
rig was set in motion ; by winding up the rope the tightr 
ener was raised, the belt slackened, and the pulley with 
all its dependencies would remain at rest. It isclaimedin 
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of this mode of belt gearing that it relieves the 

le of the side strain caused by the tightening of 

?It ; this strain, however, is not got rid of, but only 

iBferred from the upright epindle to the horizontal 

, which is more liable to cause trouble than the spin- 

itself. These horizontal bearings are pretty large, 

they revolve at euch a velocity that they roquire 

istant care and attention to keep them oiled, the oil 

liable to leak off; we have seen a set of the brass 

:es in which they run, cut out and destroyed in a very 

time, by an occurrence of this kind, the brass being 

thrown out in particles like filings and resembling gold 

dust. 

To reduce the velocity of these shafts and obviate 
tendency, Mr, Smith made the bevel wheol on the 
larger by one-third than the one on the ppiudle, 
tliis, while it reduced the velocity, increased the 
lurc in the same proportion, and in a measure neu- 
lized the intended advantage. It is found in practice, 
that a spindle and millstone driven by a pulley and belt 
stead of a cog-pinion, is not disturbed by the side 
ain of the belt, if the pulley be large enough ; and it 
luld never be less than thirty-three inches for an ordl- 
ry sized stone, and as much larger as may be desired. 
h. belt will run on a large pulley with a swift light 
ition, perfectly cool and safe and perform a certain 
ount of work with ease and satisfaction, and witiiout 
Y perceptible injury to the belt; but reduce the size 
the pulley (ami drum of coarse to match) nay to one- 
If, and try to do the same work with the same belt, 
tnust be very tight, still it will slip, and heat, and 
rii, and tear out the lacing and rivets, and run off the 
lley; in short, it will be a continual bother as long as 
lasts, and will soon go to destruction. The extra 
17 
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strain ur.^m the bemrinzs i« not the leaet of manj di«ad- 
rantazes. With a large enoo^ pollej on the Kpindle, 
tlie «ide strain of the belt is onlj sufficient to keep the 
bearings of the «pisdle at the toe and collars alwaja firm 
to the same side, and insure a steady smooth motion, 
when these bearings wear loose and would otherwise 
have some side plav ; this is the reason given bj miDerB 
snd mill owners who have tried both cog gearing and 
belts, for preferring the latter. The cog gearing is gene- 
rally the cheapest, it is much less troublesome to keep 
in order, and more dumble, but the belt motion is so 
much smoother that they get from one pound to one and 
a half more flour from a bushel of wheat, and the dress 
in the stones will last considerably longer. 

We once geared an overshot mill with the water- 
wheel and drum shad exactly like those of Mr. Smith's, 
but we dispensed with the horizontal shaft and bevel 
gearing. We placed a pulley on each spindle, and fixed 
the upper surface of the drum exactly on a level with the 
centre of the sheave on the spindle. The driving belt 
pas'sed straight and level from the driving side of this 
pulley to the top of the drum, taking a quarter twist in 
that distance, i. e., it left the pulley upon edge, but fed 
on to the top of the drum flat; it passed around the 
drum and up over a tightener set at an angle which re- 
turned the quarter twist to the belt, and fed it on at the 
proper height and up on edge ready to pursue the course 
indicated. 

It requires some calculation and care to locate these 
difieront parts aright with respect to each other, but 
when this is attained, the belt works just as well this 
way as any other; and we never geared a mill before 
nor f^ince, where the same expense of money and water 
would do more work, if as much. It may assist any 
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one intending to run a belt in this way to note, that a 
plumb line bung at the driving side of the pulley should 
rnnye exactly with the centre of the drum, and a level 
et on top of th'j drum should point to the middle of 
pe sheave; thia allows the driving belt to work stralgbt 
lbd without angle .or slip, and leaves all the angle to 
^e elack belt, where it is accommodated by the incline 
' the tightener which directs it in the proper position 
"nnd lieight to feed around the pulley. This plan of belt 
gearing is, in common with Smith's, subject to the objec- 
tion that the weight of the slack belt hanging upon the 
jevolving drum causes a useless wear upon the belt and 
um, injurious to both, and a slight wa.ste of power. To 
obviate this, we have fixed a convenient plan for hitch- 
ing the belt up clear of the drum when slack, which 
I a nswers well. 

^E Another overshot mill of four run of stones is geared 
^Bjr Mr. Messenger, a contemporary of Mr. Smith, and 
^wom the same "school," in the following manner: The 
wheel is thirty feet in diameter, and set down in a natu- 
ral guUey in the rock, improved by blasting, almost to 
the shaft; a cog gear is put around the outside of the 
rios next to the interior, and the motion taken from this 
by a heavy crown wheel or pinion placed in the centre 
at the descending side. The shaft of this pinion is ex- 
tended the whole length of the mill, just above tlie lower 
floor, on the timbers of which the shaft bearings are 
fixed ; this shaft from the pinion to the next bearing is 
lOut eight inches in diameter; here a bevel wheel about 
pree feet in diameter is placed upon it, driving a pinion 
T about two feet, on an upright shaft. Prom this bevel 
«ring to the next hearing the lying shaft is about six 
* in diameter, and Iiere anotlier set of bevel gear- 
g and au uprightshuft are placed, like the iirst ; at this 
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point another portion of shaft about four inches in dia- 
meter is coupled on, extending about twelve feet further, 
where it drives another and smaller set of gearing and 
upright shaft which carries the smut machine and clean- 
ing apparatus. The other two upright shafts have each 
a double drum, from which two belts with their bearers 
and tighteners run o£f in opposite directions to theur 
respective stones. These shafts, running as they do 
along the centre of the mill, admit of an equal and con- 
venient distribution of the stones and bolts, a bolt being 
placed in each comer of the buildinjg, and the stones so 
located with respect to these as to communicate by the 
elevators in the most -direct manner. 

The mill floor is just above the wheel and spout at 
that end, and a little above the mill-yard at the other; 
the lower part being of stone and the upper of frame. 
This is a good mill, but upon a very small stream, and 
is often deficient in water, and this defect is somewhat 
aggravated by over gearing, from the old but mistaken 
notion that the slower an overshot wheel turns the 
more work it will perform with the same water. (See a 
previous chapter on water-wheels on this subject.) The 
stones make about ninety-six turns for one of the wheel, 
and to accomplish this the pulley on the spindle is made 
too small. To compensate for this, the belts are made 
exceedingly wide and heavy (from nineteen to twenty- 
four inches wide and very thick). Still they would slip 
and heat, so that the owner told us that he insisted 
upon the pulleys being made six square to enable the 
belt to hold upon them ; this, however, the millwright 
refused to do, and although the owner assured us that , 
he would still have it done, we think the foolish experi- 
ment was never tried. The extra stiffness and wei^t 
of a belt beyond what is necessary involves a slight ad- 
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^ditional waste of power. It requires a. certain force to 

bend a belt short and suddenly, and a like force to 

straighten it a^ain or bend it in the opposite direction, 

sud this force is in proportion to the weight and stiffness 

of the belt. Now there are in each belt three points 

where the bending and three otlier points where the 

straightening pi-ocesa is constantly progressing like the 

undalations of a wave, and witli a rapidity equal to the 

velocity of the drum, and sheave, and tightener, as the 

belt enters upon and leaves each of these. This waste, 

Ljcith an ordinary belt and ample motive power, is not 

Hiaken into account; t)ut when the power is limited, and 

^plie belt very stiH'nnd heavy, it will be found to detract 

Very eeii^ibly from the working of the machine. 

We once astmiislied a friend who was incredulous and 
1||*couldn't see the point," by stretching a large heavy rope 
^Kght around several pulleys, turning freely on their 
^Bearings, to one of which a hand-crank was attached; 
^we requested him to turn the crank until a velocity was 
imparted to the rope equal to that of the belt in ques- 
tion. The experiment satisfied hira that a great power 
was absorbed somewhere, hut he was still incredulous 
as to the actual point of absorption. 

The last illustration we will give of the various ways 
in which overshot mills are geared, is a small mill of 
two run of stones, all the movements, heavy and light, 
(eing made with cast-iron cog gearing, to the total exclu- 
bn of t>elt8. This mill was geared and is owned by an 
Scotch millwright. The wheel ia twenty feet in 
neter, and is partly sunk under the foundation like 
i last one, by blasting out the rock ; the wheel inside 
3 mill, and with the spout, comes up to the mill floor ; 
an extra rim is bolted on to the arms of the water-wheel 
fb urteen feet in diameter and about six inches thick; a 
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spur gear is put around the outside of this rim, and a 
pinion gears into it at the descending side at the centre. 
(Both this wheel and that last described are placed 
down stream sufficiently to bring the shafts to the centre 
of the building, and turn up stream towards the enter- 
ing water, and technically called '^ pitchback.") This 
pinion drives a horizontal shaft, on the other end of 
which is a bevel wheel working into another the same 
size (mitre wheels) upon an upright shaft On this 
vertical shaft is a cast-iron spur wheel six feet in dia- 
meter, working in a pinion upon each spindle about six- 
teen inches in diameter, which drives the stones. A 
small shaft is coupled on to the top of the spur wheel 
shaft and is carried up to the next floor; this shaft, by a 
series of small wheels and shafting which intervenes, car- 
ries both bolts, with their respective elevators, and the 
smut mill grain elevators, together with a variety of 
saws, lathes, and other machinery in an adjoining work- 
shop; near the lower end of the spur wheel shaft is 
another set of bevel gear, driving a long horizontal shaft 
which extends to another workshop, at the other end 
of the mill, containing larger circular saws, and a plan- 
ing machine ; from this last shaft the smut machine is 
driven. 

This is a substantial little mill,^ the movements being 
wholly of iron ; but, like the one last described, it is over- 
geared. The circumference of the water wheel moves 
only three feet per second, and acting upon the pinion 
with a lever purchase as it does, the pressure upon the 
cogs and bearing of this small pinion is so great that 
they are compelled to keep the gearing constantl/ 
greased, and being so nearly in contact with the water, 
it is a constant source of trouble and expense. With 
all this care, tl^ » worn oat and has to be J 
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* replaced by n new one. We Iried to persuade tbe owner 
to en I urge this piiiiun, and thus incresise the purcltase, 
and allow tlie wheel to move with a lighter, freer motion. 
But this is the millwright referred to in a former chapter, 
who wants " thirty yards of the streftin on his wheel at 
once." We have since been informed that he enlarged 
the pinions once or twice when he renewed them ; this 
would indicate that experience has taught him the same 
lesion that we failed to impress upon him. This mill, 
like most of those described, is built of stone to the main 
floor, which is above the level of the mill yard three feet, 
the upper part being a wooden frame building one story 
aud a half hi^h. 

From a review of all these various methods of gearing 
sn overshot grist-mill, not to mention the still more 
complicated Diethods now nearly obsolete, of extending 
the water-wheel shaft and gearing from it by a pit-wheel, 
&c. &c., it is obvious that the eimplest possible arrange- 
ment involves such an amount of cLimbrou3 and compli- 
cated machinery, expensive at first, and requiring con- 
tinual care and expense to keep the whole in working 
order, and replace the wear and tear, that the overshot 
wheel should not be used where the water power is suf- 
ficient to do the required amount of work with any of 
tlie simpler wheels. It may be further observed that 
great additional expense and inconvenience are Incurred 
in making room for this kind of machinery, either within 
the mill itself, or in an additional wheel-house, and In 
conveniently adapting the whole to the situation — the 
mill-yard and other approaches; whereas all the varieties 
of modem wheels adapted as they are to run upon ver- 
tical shafts, admit of so much uniformity in their appli- 
cation to grist-mills, that tbe building may be planned 

^^^Ipther conveniences without regard to tlie particu- 
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lar kind of wheel to be used, and any of these that may 
be selected as the most suitable in other respects, will 
answer the building ; a longer or shorter shaft furnish- 
ing the necessary accommodation. Or one kind of wheel 
may be taken out and replaced by another without 
materially disturbing any of the other arrangments. 

We began this particular division of the work by 
trying to give a description of the building necessary, or 
suitable for a grist-mill, but have inadvertently wandered 
so far among the mazes of these wheels and the dark 
recesses containing them and their machinery, that we 
have lost all hold of the '^ thread of the discourse,'' and 
find it impossible to get hold of it again ; we must there- 
fore dismiss the subject with a few general observations 
applicable to any custom-mill building, and proceed 
to give some account of the various parts required to 
constitute all the movements and fixtures inside of an 
ordinary grist-mill. We have already observed that the 
lower story of the building up to the floor containing the 
stones, should be of stone if practicable ; if no^ it should 
be as solid and substantial as possible. 

This part, unless for some special reason already re- 
ferred to, need not be more than eight to ten feet high ; 
all the husk timbers supporting the stones and machi- 
nery, as well as those supporting the floors in this story, 
should be placed so that they may be taken out and re- 
placed by new ones when they decay, without disturbing 
the walls or upper portion of the building. Second, 
the building above this floor containing the stones, bolts, 
&c., being away from the water, and only required for 
storage and shelter, need not be so substantial, and may 
be of any material that taste or convenience may dic- 
tate. This story should not be less than nine or ten 
feet between floors, to allow sufficient height for bolt 
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^MiestB, IioifitiDg crane, &c. The chamber, if not intended 
^Bfer conveyor or bolts or something extra, need only be 
Baigb enough for convenient grain bins or other storage. 
If the whole building be of stone, or solid brick walls, 
tlie timbers should all be phiced so that in case of fire 
they might burn and fall oflf without disturbing or pry- 
ing down the walls. We owned a grist-mill built of 
f Bandstone, that was burned a few years ago. The walla 
^^berc but little injured. Tlie wall up to the main floor 
^Hpns thirty inches thick ; here a ledge of si.v inches was 
^Vbdt, and the timbers rested upon this ledge at each end 
and a heavy trimmer supported on a stone pillar at the 
middle. The wall through this story was two feet 
thick, and again six inclies were left to support the next 
timbers, ahove which it was only eighteen inches ; a 
I^Btone lintel was placed over each door and window out- 
^bde, but extended into the inside of the wall with wood ; 
^Bhe whule interior of the walls was plastered with a 
l^neavy coat of mortar upon the stone without lathing. 
The fire cleaned the woodwork out to the foundation, 

I but did little damage to the walls, except that it peeled 
kff the plaster (which had saved the stones from injury) 
ud damaged the inside of the door and window heads; 
px days' work of a mason renewed the walls and chim- 
ney tops nearly as good as ever. 
This mill was driven by an overshot wheci twentj^- 
seven and a half feet in diameter, placed in a neparate- 
wheel-house, built of stone, between the mill and a bank 
thirty feet high, upon which the water ivas brought by 
a canal. The wheel was kept running thoughout the 
whole continuance of the fire, and was &aved, although 
the upper story of the mill was occupied by a Daniel's 
planer and several circulnr saws and lathes, and also con- 
^^^neil the whole woodwork for a new building, with the 
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exception of the frame ; the hurning timbers fell down 
upon it and around it, at times stopping it altogether, 
but it would gain in power as the buckets filled and 
started again. Timbers supporting the flume finally gave- 
way, and the whole remaining fabric fell upon the wheel 
and was carried down with a crash, sending up a volume 
of fire, steam, and cinders like a volcano. A temporary 
board spout was applied to send on the water, and the 
wheel when all was over was none the worse except one 
broken arm, and is now as good as ever. This fire 
occurred in October, and although we had no insurance, 
and but little means for such an emergency, by saving 
the walls and the wheel, we were enabled by the as* 
distance of the neighbors to have the mill in operation 
again by the first of January, 

We mention these facts in order that others may profit 
by our experience, in tlie construction of new mills, as we 
have seen two stone grist-mills that were burned since, 
where the walls were almost totally demolished by the 
timbers being built into them. When these timbers 
burned so that they fell, their remaining weight acting 
with a lever purchase by their ends in the walls, brought 
the walls down with them, and nothing remained but a 
pile of ruins. The walls built in this way are so much 
thicker at the bottom than at the top, that they should 
be built with a regular incline outside, especially where 
•one side or end is built against a bank, to balance the 
incline or " batter" as it is called inside, and bring the 
centre of gravity upon the foundation equally. This pre- 
caution may be disregarded in an ordinary building, and 
the outside carried up plumb, but in a mill it is essen- 
tial, as the jar and tremor caused by the machinery af- 
fect the building, and give it a tendency to crack, and 
especially to bulge out. And, third, as to the size of the 
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building: thU-Iast mentioned mill is forty-five feet long 
by tliirt^-five feet wide outside, itiid is large enough for 
three run of stones, with their bolts and other apjjend- 
We have geared some small milts, with only two 
in of stones each ; two of these are twenty-six by tbirty- 
cix feet, and two others are thirty-four feet square. 
One of these hist hiis had a third run for grinding feed 
pat in since, one of the bolts being removed, upstairs to 
make room, and provided with a screw conveyor and 
spouts to bring the 6our down again. This mill does a 
large nmount of work, both custom and manufacturing, 
t lackrt room. It is to be enlarged the ensuing sea^ 
Several mills with three and four run of stones 
nround here, are forty by fifty feet; others with four to 
BIS run, are forty by sixty feet. Much depends upon 
the convenient grouping of all the different parts ; a pro- 
per altentiun to this makes gome etnall mills appear 
roomy and commodious, while its neglect or a cnnfus-ed 
arrangement of the machinery and fixtures in otiiei's of 
a large size, makes them appear crowded and unhandy. 

^m The Husk Timbers, &c. 

^V These con.iist of two parallel sticks of large timber 
I extending from side to side of the building, and three 
or four feet apart, placed at the level of the floor, imme- 
diately under that upon which the stones are placed, 
and directly under the stones. These foundation sills 
sboald be solidly supported, either upon stonework or 

IfloflScient posts, and the bridge tree posts tenoned into 
Bicsc; these posts extend fmm these sills up into and 
fapport the meal heams, which are two very large 
Bticka running parallel with the first two and placed 
flnder the next floor. Upon these meal Ijeams the bed 
Loues are placed, and exactly under each bed stone are 
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the two, or aometimes four bridge tree poets already t 
luded to, which support the bridge trees upon which the 
Bpludle stands. Tlie bridge tree is hung upon a pivot at 
the back end, and the front end is supported by a lighter 
rod ; a rod of iron attached to a tenon on the end of the 
bridge tree, and running up through the 6oor to a con- 
venient height where it terminates in a screw and nut. 
On this nut a small hand wheel or other convenient 
wrench is phiced, and by turning this in one direction, the 
lighter rod and bridge tree, with the spindle and runner 
stone are let down, and by turning it in the opposite 
direction they are raised up. .^1 



Pig. 3T. 




A step; -fitoe; spindle ; i) collar; £drirer; FbaiL 



When the bridge tree is supported by a single post «t 
each end as in fig. 37, then the back end ia made willi , 
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WO tenons, two or throe inches thick, according to the 
nze of the stick, and these are put through correspond- 
ng mortiseB in the post ; a counter mortise is put through 

3 post in the opposite direction^ about two inches wide 
ind five deep at the lower end of the other two. This 
fcro88 mortise is made square nt the lower end, but round 
kt the top, and a key (or two heads and points are bet- 
ter) is made to fit this mortise in tliickness, but slack in 
ndth, and tapering. A halfcircle is cut out of the 
ower edge of the double tenons on the bridge tree to fit 
;he round tup of this key ; the tapering key is driven 
nto its place under these tenons, until the bridge tree 
I raised up and rests upon the round edge of the key 
irhicb keeps it in place, at the riame time forming the 
pivot for this end to work upon ; the front end has a 
angle large tenon let through a suitable mortiNe in the 
ront post, in which it is raised or lowered at will by the 
ighterrod. These mortises in the fender posts must all 
w deeper than the depth of the tenons, to admit of play, 
ind the bridge tree must be kept as nearly level as possi- 
lle by driving or slacking the key under the back end. 

When four bridge tree posts are used, the two behind 

; placed one on each side of the bridge tree, and a 
hort bar is mortised across between the two close above 
he bridge tree, the end of which is hung up to this bar 
ly two sets of screw eye-bolts; by slacking or tighten- 
ng the nuts on these eye-bolts, the bridge tree is kept 
Bvel. The front end passes between the two front 

>3t8, instead of through a mortise in the single one, 
nd is guided by the lighter rod as in the other case; 
be two posts are connected by screw bolts, wliich are 
ightened if the bridge tree gets loose by it and the posts 
blinking by seaBoning. 

Although it is essential that the bridge tree should 
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have a free chance to raise and lower, it is equally im- 
portant that it should be perfectly solid every other 
way. A board may be placed between each pair of these 
posts in a groove made near the outside corner of each 
for that purpose, one board passing behind the back end 
of the bridge tree, and the other having a mortise slit 
for the lighter tenon of the bridge tree to pass through; 
this will both help to steady the whole concern when 
the bolts are tightened, and improve the appearance. 

In the upper side of the bridge tree, and near the mid- 
dle, a piece is cut out about two inches deep and a foot 
wide, into which the step for the spindle foot is placed, 
and fastened by four dovetail tapering keys ; two of 
these go across the bridge tree in the notch for the step, 
one on each side, the other two lengthwise of the bridge 
tree, are driven between it and a projecting ledg-e along 
each end of the step which runs over each side of the 
bridge for that purpose. By slacking one of these keys 
and driving the one opposite, the step is shifted in the 
direction necessary to "tram" the spindle. This step 
has a square or round box on the centre, called the oil 
pot, about four inches wide and the same in length. A 
flat piece of steel is placed in the bottom of this, and 
another similar plate with a hole through the centre is 
placed above the first, with a space between for oil, 
and also some provisions made for the free passage of 
the oil through the upper plate. The cast-steel toe or 
pivot upon which the spindle runs passes through the 
upper plate which keeps it in place, and turns upon the 
lower one; both these and the pivot being hardened 
to the same temper. The upper end of the spindle 
where it passes through the eye of the bed stone, has an 
enlarged collar about seven inches long and turned true, 
around which the boxes are placed which secure the 
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^ndle in the eye of the bed stone, and furnish its upper 
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.11 spindles were formerly made of wrought iron with 
is collar of steel welded on ; the steel toe was aleo 

'elded on, and they were more expensive than the cast- 
llxin spindles now used, and did not keep so true. The 
welded collar had always hard and Koft portions, and soon 
wore unequally, while the cast collar wears equally all 
around and keeps true. The welded toe is also inferior to 
the modern practice of turning a toe of cast steel and set- 
ting it in a tapering hole drilled in the end of the spindle, 
'hese require to be well fitted to bear equally the wliole 
'(listance; tiiG point must not touch the bottom of the 
hole, as in that case it will get loose, and spoil the 
spindle in a short time. It is customary to wasb with 
pickle or other stuff to cause the toe to rust in. An in- 
experienced mechanic will generally get the point or toe 
too large for the guide plate in the step; this is a cause 
of frequent annoyance and mi(-chief, and occurs by rim- 
ming out the hole in the plate to fit the turned pivot 
when both are annealed and in a soft state. Then in 
the process of hardening, the shrinkage of the large plate 
diminishes the size of the hole more than the small 
pivot is diminished, and it will be found too tight or 
Jargeforthe hole, unless some allowance has been made; 
but this is not all, for the hardened pivot may be ground 
iwn until it will turn in the plate, and when first set 

ib motion, witU the weight of the mill-stone, spindle, &c. 
tipOQ it, and the friction upon (he bearing plate, the pivot 
will heat and expand and pinch in the guide plate, which 
increases the heat and expansion still more, while the 

rlate having no weight or friction upon it, except at the 

livot, is not heated or expanded except at that spot ; but 
the heat will increase so riipidly that we have Ire- 
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quently seen the pivot welded into the step withiti 
twenty minutes after starting. When this occurs it 
must either turn on the pivot inside of the spindle or 
shaft, in which case the hole is soon spoiled, or it must 
break the pivot, or stop the machinery; we have seen 
all these issues from that occurrence, and had our own 
share of trouble with each. 

In one instance in starting a new overshot mill, the 
pivot of a spur-wheel shaft driving three run of stones 
welded in this way in this guide plate, and turned in 
the shaft. The crown-wheel or pinion driving this was 
only twenty-six inches in diameter, and therefore the 
side strain upon the pivot was considerable ; it had only 
run about half an hour altogether when it was noticed, 
but in that short time the pivot had worn for itself a 
good half inch of play. To remedy this we had to raise 
up the shaft and take out the pivot and step together, 
then heat the guide plate and pivot to a red heat, and 
cool the pivot suddenly to shrink it while the plate re- 
mained hot. By this means we got them apart but 
with small fragments of each splintered off and sticking 
in the other ; we then took a piece of cedar that was 
soft and fitted it into the enlarged hole in the shaft by 
filing away the marks and rings shown upon this, by 
turning it in the hole, which, although ridged, was still 
tapering, we got an exact pattern of the hole. By this 
pattern we had a new pivot turned, and perfected the 
fit by grinding it into the hole with emery and oil'; 
this was done by putting a wooden pulley on the lower 
end of the pivot to give it motion, and pressing it tightly 
up into the shaft, adding more emery during the opera- 
tion until the fit was complete. This made a good job, 
and although it was considerable trouble and expense. 
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it wns much leaB of either, tlian to demolish the whole 
concern, nnd send the shaft biu:k to the mnchlne «hop. 

In this connection we will mention another trouble 
we had with a similar Bpur-wheel sliaft. This was an 
oW shaft and pivot, the step and guide plate only being 
renewed ; the guide pliite, iib in the other Instance, bad 
been 6tted too tight to the pivot, and they heated and 
welded, or stuck fiiBt. In this ciise the filmft and pivot 
had rnn so long that the heating and cooling ho often 
repeated, and with so much jarring and weight upon 
lliem, had settled the two together so firmly tliat the 
pivot could not turn in the shaft, but broke off outside, 
and the problem was how to get the piece out, to put in 
a new pivot. We tried the usual recourr'e in tuch a 
ca»e, i.e., heating the shufi, hut without effect, and had 
to drill a small hole into the shaft at the upper end of 
tht) pivot, and prick in gunpowder thmugh this hole 
iintit the cavity at the end was filled ; the explosion of 
the powder removed the obstacle. When anything of 
this kind occurs with a spindle it is easier rectified, as 
it can be taken out more readily, and sent to a shop for 
the necessary repair. 

The fpindle head extends about sis inches above the 
collar and bed-stone, this part tapering, and four, six, or 
eight square, hiis the driver which turns the running 
j-tone fitted on to it, and a small steel pivot drilled 
into the top. on which the bale and running stone are 
balanced. This pivot, or cock Iiead, as it is called, is 
rounded off to a point, and a corresponding depression 
19 countersunk in the bale to fit it. This cock head 
nhuultl not be tempered, as it has sametime-s to be turned 
unew, or altered in shape to fit and balance the bale upon 
it ; this can be done by fi.\ing a solid rest of any kind at 
the point, and applying a cteel cutter, or if hut little is 
18 
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to be taken off, a sharp file held against the point by 
this rest will turn and fit it. We have drawn the tem- 
per of these cock-heads, to refit the bale, by heating an 
old driver, and placing it upon the square spindle head, 
until the latter was well heated, and then applying the 
hot bale to the pivot, for some machinists persist in 
hardening the pivot although there is no friction upon it, 
except balancing the weight of the stone, and when the 
rest of the spindle is all right, there is no other necessity 
for taking it out. We have frequently drilled the 
spindle head for the pivot by keying a suitable drill 
.into a piece of plank or other lever, and shoring this 
properly down with the drill to the centre of the spindle, 
which is then set in motion, until the hole is of the pro- 
per depth and shape. 

The bed stones are placed upon the meal beams, -the 
large upper timbers of the husk. Some merely notch a 
couple of pieces of short plank or timber across between 
these beams at a proper distance apart, and lay the back 
of the stone flat upon them, inserting thin wedges 
between the back of the stone and these pieces and 
beams, to raise and level the stone. A better way is to 
make a square frame of four wide pieces of plank, framed 
together at the corners, and fit this frame to the back 
of the stone, either by planing off the high S[x>ts, or by 
interposing a thin bed of soft mortar between. Under 
each corner of this frame cut a space out of the meal 
beams to admit a wide key, and by driving or slack- 
ing these keys the bed-stone is levelled and kept true. 
We have seen the bed-stones hung upon the point of 
four large screws, one at each corner of such a frame, 
but prefer the keys. The stone should be kept fr6e and 
clear of the floor, and the space l)etween covered by a 
rim of plank about six inches wide, fitted flour tight 
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all around the stone, and reetiiig upon the floor, the outer 
edge being chainpered off to diminish the jog. The j 
curb rests npon this rim, and three or four sholt pieces of I 
circle, wide enough to fill the cpace between the stone [ 
and curb are nailed on this rim, at equal distances 1 
ntid close to the I>ed-stone to locate the curb and keep | 
it in place. Tlie precaution of keeping the bed-stone i 
clear of the floor, and dependent wholly on the husk j 
limbera, is necessary to prevent the working of the etoneti i 
from being disturbed by the yielding of the floor, when 
Inrge piles of bugs and grain are placed upon it, and rais- 
ing when these are removed. The spindle and running , 
stone rest upon the bridge tree, and the space between 
it and the beil-ntone while grinding is so minnte and bo 
accurately graduated that a rise or fall of the bed-atone 
by the tloor, of only a small part of a hair's breadth, 
vould milk? the flour too conrse or too fine, 

The running stone has a bale sunk in from the face 
of the stone by cutting two grooves in opposite sides of 
the eye, nnd a little larger than the ends of the bale, to 
admit of moving and making it true to the centre of the 
stone. This is done by a sweep stick half the diameter 
of the stone, with a piece attached to one end, reaching 
down the eye of the stone, to the countersunk centre 
of the bale in which it is fitted. By keeping tlie point 
of this steady in the bale, and moving the other end of 
the sweep around the skirt of the stone, it will show 
which way to move the bale to bring it to the centre. 
"When fairly in the centre, and true with the face of the 
Hlone, it should be fastened by wedges to keep it steady, 
and the bottom and skirts of the grooves closed with 
clay or raortar, and the spaces run full of lead. Great 
CArv should be taken to lay out these recesses for the 
hale true to the centre, and of the right depth. The first 
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is done by fitting a board in the eye and making' the 
centre on it by a sweep and laying out the recesses or 
grooves by that centre. The same centre will be needed 
to lay out the grooves for the driver, if that kind is 
used, and also to lay out the dress in the stones. The 
proper depth for the bale might be found either by hang- 
ing it in its place on the pivot of the spindle, and mea- 
suring from the ends to the face of the bed-stones, which 
will give the depth to which these should be sunk below 
the face of the runner, or by laying a straight edge 
upon the pivot of the spindle, and measuring from it 
down to the bed-stone : which will give the depth from 
a straight edge laid upon the face of the running stone 
to the socket for the pivot. 

There are several ways of fixing the driver, A very 
common way is to pUce a straight driver of either 
wrought or cast iron upon the tapering part of the spindle 
head ; if that be square, the squares secure it ; if round, 
it is secured by a key^ This driver is placed at right 
angles with the bale, under the bow of which it passes, 
and is let into a recess in each side of the eye, cut for 
that purpose. The ends of the driver, however, must 
not be fastened in the stone like those of the bale, but 
must have considerable clearance to allow the stone to 
balance freely on the bale. Particular care is neces- 
sary to get both ends of the driver to catch the stone 
exactly alike, because if one end touches a hair's breadth 
before the other, it will tip the stone up on that side, 
and bring the opposite side in contact with the bed stone, 
and a constant vibration and rumbling are the conse- 
quence, which almost every miller has observed, and in 
many instances is wholly unable to account for. 

The ordinary method of locating this driver is as fol- 
lows : Place the runner stone face up and level ; then 
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secure the driver firmly in its place on the spindle, and 
Htand the epindle up plumb, with the lower pivot up 
nnd the upper pivot down in its socket in the bale; make 
it secure iu this position, with the ends of the driver in 
their respective gains in the stone. Next tix a tram, 
one end with a bearing on the toe of the spindle, now 
turned up, the other end to sweep the face of the stone 
close to the skirt. Fix another piece, one end with a 
half-circle to fit and bear upon the collar; the other end 
fastened to the end of the first piece, at the skirt of the 
Btone. By turning this tram roiuid, and shifting the 
toe and 8[jindle until the tram sweeps the face of the 
Btone all around equally, the spindle is gotten true with 
the fitone, and both are in the same position with respect 
to each other which they will occupy while grinding. 

You may now pliice the iron boxes or *' thimbles'* 
which line the recesses in the stone so that they will 
both touch the ends of the driver exactly alike on the 
driving side, then move the ends of the driver back, and 
fit them by chipping, filing, or otherwise, to the baek 
side of the thimbles also. This back fit is only of use 
when the " backlash" caused by stopping the machinery 
occurs ; in this case, the stune being raided clear of the 
■bed-stune and no grain between, becomes the driving 
power, until its accumulated momentum is overcome by 
the resistance of the machinery. And while this is 
going on, if cue end of the driver only touched the stone, 
3t H'ould tip on the bail as in the other case, and spoil 
the dress and face of the stones. With all this care, in 
fating the bearings of this kind of driver, it will in 
DOQie instances still be imperfect, and may be completed 
hy marking the inside of the thimbles with paint, after 
ihecpiudlos and other things are in place, and letting 
stone carefully down upon its place without touch- 
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ing the driver; then turning it each way until the paint 
marks the points of contact upon the driver, and then 
taking up the stone carefully, and filing off the paint 
marks. Of course the thimbles are fastened securely in 
the stone before this operation is performed ; these are 
fiistened like the bale by securing first with iron wedges^ 
and then running the cavities full of lead. 

We once fixed a driver of this kind that had baffled 
several first-class millers and millwrights, and rendered 
the best wheat stones in the mill useless for several year& 
The stone had been rehung and balanced anew during 
tliis time by several adepts, and, among others, by the 
celebrated Mr. Brown, mentioned elsewhere in this 
work, as having reduced the balancing of mill-stones to 
an invariable rule, which before had to be accomplished 
by repeated trials. The real source of trouble had 
escaped their investigations, and by some it was attri* 
buted to witchcraft. We examined the machinery, and 
everything appertaining to these stones, and found all 
in perfect order, except that the driver was worn upon 
one end more than on the other. This end was chipped 
and filed, and by a few applications of paint as abovp 
directed, and a little more filing, we succeeded in mak- 
ing a perfect fit, which may be known by both ends 
equally holding a slip of thin paper inserted between 
these and the thimbles. We started the stone, it being 
just clear of the bed-stone, and saw that it ran true, 
and was in perfect balance both running and at rest,* 
and told the owner he might now put in a grist of wheat 
and we would warrant it to grind all right. He advised 
letting the stones come together before the curb was put 
down, as he had seen them run just as well before, when 
high and free, and the witch only interfered when the 
stones were set to work. We took his advice^ but when- 
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Bbver the runnor touched the bed-stone it began to rumble 

I and shake bo vlolciilly tbu.t it stopped thu stotie, w:iter- 

I wheel, and nil in ii few revolutions, and with a noise like 

I thunder. We then made a close investigation of tlie 

I ■driver and spindle, which were round, and the diiver 

fastened by a eteel key next to one end. Th^it end waa 

held tight by tlie key, and the whole driver waa appii- 

rently tight, but by striking thu other end wilh a heavy 

maul, tir^t on one side, then on the other, we discovered 

ttiat the hole was too large for the spindle, and allowed 

that end to shift when the strain of grinding came upon 

I It. This was the cause of all the trouble, and the owner 

I remembered that the original driver of that run had 

r»beeii broken and a new one cast for it just about the 

I time it took the caper; we cut another key seat, and 

I jiut another key in that end, and fitted the driver anew, 

I nnil the trouble ceased. 

I This kind of driver is in general use throughout the 
I country, although in addition to the practical inconve- 
I niencea already enumerated, there is still another, which 
I in, that the ends of this driver, entering the stone at 
I Tight angles with the bale, causes four obstructions to 
I the grain entering the eye, instead of two only, by the 
I driver ne.xt described. This makes the grain, and espe- 
t dully feed or foul grain, more liable to lodge and be car- 
I Tied round by the centrifugal force, and thus clog the 
Keve, which is a source of considerable annoyance. The 
■next driver to be considered, and the one which we pre- 
f fer, consists of a round block of cast iron, fitted on to 
r the tapering lop of the spindle, which for this purpose 
r should be eight square, and reaching from the collar 
I nearly to the upper eurfiice of the bale. The top of this 
I hlock is round, something tike the round crown of a 
I "Jim Crow hat," and has a itccss cut out across the tou 
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to admit the bale, which should hang free in this recess, 
touching the pivot upon whioh it balances. This bale 
should be made deeper and thinner than the ordinary 
Fquare one, which allows more strength and room to the 
driver. This can be fitted easily and perfectly, both 
on the driving and backlash sides, before the bale is fas- 
tened in the stone, and being in the centre of the eye, 
in sight, and within reach, there is no trouble in getting 
the bearing alike on both sides, and when once fitted^ 
there is no further trouble. This plan, we need hardly 
say, drives by the bale, and leaves the eye with only 
two obstructions. 

In some instances where the eye of the stone was 
very small, we have had the driver very small, and cast 
solid with the spindle, or a wrought iron band has been 
shrunk on to insure sufficient strength. This we would 
not recommend, as the fixed driver is in the way of 
placing or removing the bu^, boxes, and collar, around 
the spindle, in the eye of the bed>stone. It is better to 
have it movable, but as small as is compatible with suffi- 
cient strength ; the strength may be incrcfised by band- 
ing with wrought iron, as indicated. There are several 
other forms of drivers used which need not be described. 
One of these is similar to that first described, but shorter, 
and instead of being let into recesses, cut in the stone for 
a driving hold, it clutches upon the lower corners of the 
bale. When stopped, this allows the stone to turn nearly 
a half revolution before it backlashes, and when started 
the driver comes around the same distance before* it 
comes in contact, which causes a shock in starting the 
stone which is injurious to the machinery. 

Another kind, a modification of the last, has a clutch 
on both sides of the angle of the bale; this is an improve- 
ment, as it is easily fitted, both for driving and back- 
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iDg, and obviates the miscliievoua shock induced by 
the other; but it obstructs the eye more, and the clutch 
end in front of the bale forms an angle with it, in which 
griiin Iwlges and forms a nucleua for dogging, which 

encouraged by the centrifugal force, and is sometimes 
H source of annoyance. 

The " Stiff Ryne" is not used to any extent, at leoflt 
in tliis country, except for hanging the stones used for 

.clling and grinding oats in the manufacture of oatmeal, 

id will be described under that head. The next ma- 
dline in order is the Danail, Its business is to shake 
the shoe, and induce a regular feed of the grain, and for 
this reason it is sometimes called the feeder. It ia 

lupled on to the centre of the bale, and stands directly 
id in hue with the spindle, the upper end turn- 

ig in a hearing mjule in the centre of the cross-bar of 
the frame Bupporting the hopper. It is generally At- 
tached to the hale by a crotch, or forked end, which 
atniddles the bale in a recess made to fit it ; and to insure 
accuracy a small hole i.-^ drilled in the centre of the lower 
end between the forks, and a corresponding hole is 
drilled in the centre of the bule. A short dowel-pin of 
iron is placed or fastened in the bale, and the hole in 
the end of the dansil dropped on to the projecting end 
of this dowel secures it in place. Sometimes the dowel 
ia fa^^teoed in the dansil, and dropped into the hole in 
the bale; but this should never be done, as the hole in 
the bale is liable to get filled with dust and grain, and is 

lublesome to clean out, while no occurrent^e of that 
jhd takes place with the dansil. There are several 
'ays of making the body of the dansil. An old-fash- 
iouetl plan i» to weld three, and sometimes four suitable 
rods together, leaving six or eight inches at the height 
of the shoe not welded. These are spread apart equally. 
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and as they revolve in contact with the end of the shoe, 
they increase the shake and feed of the grain. Another 
plan is to place small iron disks at a suitable distance 
apart ; these have six small holes drilled near the cir- 
cumference of each, and at equal distances apart, and 
small polished rods are inserted in these holes reaching 
from one disk to the other. These have a hole in the 
centre, and are slipped on to the dansil and keyed at 
the proper height ; the dansil in this case being a round 
turned rod. 

This rig resembles an old-fashioned spindle, with its 
trindie or lantern for the wooden cogs, on a small scale, 
and being all turned and polished presents a fine appear- 
ance. But it is more fanciful than useful; things some- 
times get caught in these little rungs; in one instance 
the button of a miller's shirt sleeve was caught, and the 
sleeve taken ofi* to the shoulder in an instant. Had the 
material been strong enough, it might have taken the 
arm with it. Sometimes the grain strikes in among the 
lower ends of these rods and is thrown over the stoncf : 
we know several mills where they have sewed a cover- 
ing of leather over these rods to guard against such 
occurrences. Another plan is to fasten four small rounds 
close upon a round central shaft like the last one ; this 
is done by drilling holes through the shaft at suitable 
distiinces, and turning the ends of these rounds at right 
angles, and inserting them in these holes where they 
are secured by riveting. This arrangement resembles 
the old-fashioned wooden dansil with iron knockers now 
nearly obsolete, or only used in some old oatmeal milla. 
The cheapest, and probably the best dansil, is simply a 
piece of iron about an inch square, with the ends as 
described, and the sharp corners slightly taken off, and 
the whole finished in a workmanlike manner. 
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The busli in the bed-stone through which the epiudle 
passes 18 frequently maile of a skeleton framework uf 
iiuii) with suitaUe spaces for the four wooden boxes and 
keys which form the upper bearing of the spindle. The 
form of this skeleton bush is so neiirly like the wooden 
oni', that a description of each would be needless, and 
we will only describe the ordinary wooden buKh, To 
make this, tiike a square piece of wood hirge enough to 
fill the eye, which is generally about ten inches, and 
cut it off a little longer than the thickness of tlie stone. 
Fit this into the eye, then take it out and centre both 
ends, and fronv this centre strike a circle mark, a little 
larger in diameter than the collar of the spindle ; strike 
another circle upon the upper end the exact size of the 
spindle, draw two parallel Hues square across the end, 
each cutting the outsides of this last circle, which will 
mftke tliem just the width of the spindle apart ; now 
draw two other lines exactly like these across in the 
other direction, or at right angles with them, and ex- 
tend all these lines down the outside of the block four 
inches, and wiuare these across on all the four sides to 
Ihw depth. The centre must be cut out to the largest 
oircles to admit the spindle, and the four spaces cut out 
to these last marks, to admit the Ixjxes and keys. 

To make the Ixixes, take a piece of poplar or bass- 
wood, or any soft wood, and dress it to the size of the 
collar one way, and to the depth of the recetfses, or spaces 
which we have made four inches in this case. Set the 
coui]>nsse9 to the size of the collar and mark out the 
four boxes on the top of this piece, one end of each being 
circled by the dividers, and the other square, and allow- 
iug half an inch short at the end of each for keys; now 
Hquare the stick across, and lay them out all the same 
ou the opposite side and work them out. The bush 
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having been slipped over the head of the spindle and 
driven down into the ey^ to its place, these boxes may 
be put in, and two wedge keys at the end of each, one 
with the head down, and the other with the point down. 
These last four may now be driven lightly and equally 
down until all is tight ; care being taken to have these 
wedges the right size, so that they may go to the bottom 
of the boxes without being too tight, which would cause 
the spindle to heat and bum loose. We forgot to men- 
tion that when the boxes are to be tightened by these 
wooden wedges, a space should be cut out of the bush, 
from the box down through, for the las^ key at least, 
and for convenience in driving them out. We rather 
prefer to leave the bush whole below the boxes, and in- 
stead of wooden keys pack the space between the end of 
the boxes and stone with something more elastic than 
wood, which is apt to get too tight at first, and cause 
the spindle to heat and swell. When this occurs, the 
spindle will be loose when stopped and cooled, and will 
continue to get worse, unless tightened again immedi- 
ately. With elastic packing, the spindle will not heat 
so as to make it swell and shrink, and if it did, the 
packing would close the boxes around it again, and save 
the trouble of taking up the stone to tighten it. 

Several different substances are used for this packing, 
India-rubber being the best. Old rubber boots or shoes 
answer well ; these are cut in strips as wide as the boxes, 
and driven in with a wooden rammer. Strips of flannel 
or any woollen fabric may also be used. We have used 
woollen flyings from the carding-mill, and several packed 
in the following manner many years ago remain as good 
as ever, only requiring occasionally to be rammed down 
and a piece added to fill up the space. We cut an old 
linen salt sack into strips the width of the boxes, and 
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l^anoy pusljing one end of the strip to the liottom of 

the space, and continued pushing down six or eight 

iaches at a time, and ramming till the epncea wi're 

Bucked futi, and tlien fastened a little piece of wood on 

^Epp of ench by a email null. When tlic boxes require 

^To be tiiken out, draw the imil nnd remove the piece ; 

tlicn take hold of the end of the strip and pull it oui, if 

more Remains take a sharp hooked point of some kind 

and hook the next end until all is pulled out. It is 

handier removing lliese when each space is filled by 

a ciiigle piece, and if one piece is not sufficient they may 

be sewed together ; when fed in and packed regularly, 

they come out quite freely, and more time is often spent 

in getting out a single wooden wedge tlian iill of these. 

There is a difference of opinion among millers as to 
the proper height to place the bush. Some want it higher 
than the face of the bed-stone, and the corners rounded 
off to clear the ryne and running stone; others want 
it just level, and are very particular to keep it just so, 
while another class must have it considerably below the 
level. The first is defended on the plea that it leaves no 
faance for the lodgement of the grain, which is swept 
clear by the irons at every revolution, and lor tliis 
i is preferable where small grists of different kinds 
lin have to be ground in the same stones. The 
t, has ft recommendation exactly opposite and equally 
mportant, which is tliat the space below the level of the 
ice of the stones, and below the reach of the irons, by 
teing filled with shorts or other soft stuff, will catch 
jails or thnishing-inill teeth and nuts or other iron that 
bt accidentally into the grain, and thus fpare the dara- 
1 danger occasioned by these getting between the 
These sometimes break the stones and cause 
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will be understood by its figure, and the boxes can be 
fitted in by any miller who has the use of tools; a 
vacant space in each corner has also to be filled with 
wood to nail down the leather cover or collar. Some 
of these have patent metallic covers, as well as metallic 
hoxes of various kinds; wood, however, makes good 
enoujih boxes, and leather a good enough cover. A re- 
cess should be cut around the boxes at the spindle, and 
tallow shaved fine and packed into it, before the leather 
is nailed down ; and a further protection to it from grit 
and dust will be to slip a piece of woollen stocking leg 
on above the tallow ; this, being elastic, hugs the spindle 
and absorbs the grit. 

The curb inclosing the millstones is generally made 
to clear the stone about an inch and a half all around : 
thus its inside diameter is about three inches more than 
the diameter of the stone ; the height being sufficient to 
clear the top of the stone two or three inches. There 
are many difierent ways of making the curb, among 
which the following is perhaps the best : — 

Take good inch boards of sufficient width to make 
the top of four pieces, without other seams ; these for 
an ordinary sized stone would require to be about twenty 
inches wide. To lay out the top, strike a circle on the 
floor the same diameter as the stone, then strike another 
outside of this, say an inch and a half, for clearance; 
then another three- fourths of an inch, or seven-eighthfl, 
outside of this again, for the thickness of the sides, and 
another an inch and a half outside of that, for the pnv 
jection of the top over the sides. Next divide the Iwt 
circle into four equal parts, and draw lines from one of 
these points across through the centre mark to the 
other mark opposite; draw another line the same acrop* 
this one, connecting the other two points; this will divide ■ 
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lie circle into four equal portions. Now place a board 

1 one of these divifions, the outer edge even with the 

tft (largest) circle, and strike that same circle upon the 

board; cut the board of!" by the circle, and use it for a 

pattern by which to cut the three other pieces ; juint the 

oner straight edges of theKC and lay them down upun 

fcese quarters, two upon the floor on opposite sides of 

ifae circle, the other on top and across the ends of these. 

They must be laid carefully to the outer circle, and 

divided exactly alike by the corner lines. Now mark by 

the straight edge of the upper two across the lower two, 

and also by the stniight edgo of the lower ones across 

the upper ones, for they must be halved together to these 

marks. It may be advisable to mark the face sides 

now, a« they have to be gauge-marked around the edges, 

l^and cut away, and then fitted together again in the 

^ftpune position ; they may be glued together, but should 

^He riveted at the inside ; the outride, being nailed down 

I^Vpon the staves, cannot give way. This makes a light 

cover, and being double at the corners, and each piece 

bearing its whole length upon the sides, it is also strong; 

the rim put around inside also adds to the strength of 

the top. This is about 6ve inches wide, and one and a 

half thick, square on the outer edge and bevelled off a 

little around the inner edge; it is generally made of 

fix. pieces, and halved and lapped at the ends for addi- 

ioiml. strength. To place this rim, lay the cover down 

irith the inside up, and strike a circle upon it corres- 

rnding with the one which marks the inside of the 

KVCH in the draft upon the floor, and fasten it around 

) the innide of this mark. 

kXhe perpendicular sides of the curb are composed of 
Invcfl, and to mark these out properly a pattern h made 
r laying a thin piece of board upon the draft on the 
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floor, and drawing the scratches upon it, corresponding 
with the out and insides of the staves in this drafi;; now 
mark both ends by this pattern ; hew oflf the surplus 
wood pretty close to these marks, with an axe, then 
dress the outside and edges by the plane, using another 
pattern with a projecting end to test the bevel of the 
edges and insure accuracy, then g^uge the thickness all 
around and dress off the inside. These are sometimes 
dowelled together, but it is better to run a small groove 
in the edges and put in a tongue or feather, which makes 
a better joint ; these are fastened at the top by nailing, 
first through into the inside rim, and then down through 
the cover. A thin moulding, about two inches wide, is 
afterwards bent around to cover the nails and make a 
finish. The lower end is secured and finished by shrink- 
ing on a round iron band of half an inch in diameter, 
about four inches from the end, and bending a piece of 
wood around to cover the space from the band to the 
end, similar to the upper one. The iron band in this 
case forms the " bead" around the edge of this mould- 
ing; the ends of these wooden bands should be spliced 
by a thin plate of iron set in and secured by screws; 
this makes a light strong curb, and if made of nice wood 
and tastefully stained and varnished, it looks well and 
is durable. 

There are many fancy curbs made generally of circles 
and squares alternately, and resembling panel work; 
these are more or less double, with many seams, and 
empty spaces in which the dust lodges and accumu- 
lates, and soon makes them heavy to handle, besides 
the steam generated by the heat and damp grain, in 
the process of grinding, condenses in these caviti 
and induces fermentation, and the consequence is tm 
speedy decay of the woodwork of the curb. We have? 
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1 some of tlie.ee fancy curlja compoeed of wood snid 

, covered on top with oil clolli, tli:it wt-re so rtittt-n 

n few jears, that tliey would scarcely Ix'ar to be lifted, 

itid noon went to pieces. Theotlier being thin and sin- 

I eii>ily swept and kept clean, and will last like 

rtlier inside fixtures, until it meets with an accident. 

The opening in the centre uf tlie cover is about thirty 

nches ncni^s; it may be marked and cut to the circle 

Rfler it is fastened on, and a thin moulding nailed round 

inside and projecting with a i-ound edge above the cover 

lo protect the comers, and prevent anything being swept 

in upon the stone. 

I The hopper frame is nbout four feet long and two 

^Bride, with a bar nero.vs Ciicli end, and one in the middle. 

^^Ri the centre of the miilJle bur is the bearing of the top 

Bftf the dtiiisil, and betvfeen this and the hind bar the 

liopper iii placed ; between this and the front bar, a roller 

iapbiced acros)*, uiK»n which the string supporting the 

front of tlie shoe is wound; by turning this roller one 

Way, the ctring is slackened and the feed increased, and 

^by turning it in the opposite direction the string is tiglit- 

Bpiied and the feed diminished. The frame etanJs fuur- 

Hnen or 6fteen inches above the curb, and embrnceB the 

^uopper near the middle. It is supported upon four legs, 

two near each end; these are generally turned, although 

when made to match the fancy curbs refLTrcd to, they 

> flCoUoped out into a kind of scroll shape. 

> locate the hopper frame in its plate, set the curb 

I its projxjr position with the outlet on the meal spout, 

iten ^et on the frame in the position it is to stand, and 

5 a piuinh down through the centre of the daiisil 

ing in the centre-bar, and shift the fiame nniil tlie 

t of the plumb-bob is in line with the tentre of the 

: head of the spindle; mark around the legs on the 

19 
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top of the curb and cut out the holes for them. The 
legs ^<hould have a shoulder to rest upon the curb, and 
a round tenon to slip into these holes. 

The ho[)per is a troublesome article for an inexperi- 
enced hand to make, although it looks quite simple. 
The first one that a man might make without any direc- 
tions from a practised hand would show him some wrin- 
kles in angles and their combinations, that he probably 
never thought of. It may trouble us not a little to give 
any directions that will be sufficiently intelligible to be of 
much use. We tried years ago to find some rule of easy 
application, which could be remembered, to get the pro- 
per bevel to cut the boards by, and the proper one to 
dress the corner cleats to, instead of the intricate process 
in trigonometry by which we now obtain them, but 
failed to hit upon any that was perfectly accurate. The 
following rules are applicable, although they both re- 
quire a little dressing off to complete the fit : — 

To get the bevel to cut the side boards, strike a cir- 
cle, and step the circumference at five times; draw lines 
from these five points to the centre, and an}^ one of these 
divisions is the angle to cut the boards. 

To get the bevel for the corner cleat, strike a small 
circle, and divide it in three; one of these is the bevel 
for the corner posts, nearly. We have sometimes made 
these by turning a suitable sized stick in the lathe and 
marking it out in three equal divisions, and slitting to 
the centre at these three marks. These have to be 
dressed and fitted to the corner. 

The following directions are reliable, and will make 
an ordinary square hopper to hold about six bushels 
which may be made larger or smaller by preserving the 
same proportions : To cut the side boards, measure o 
along the edge of the board (or a line representing it 
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three feet and six inches, and at the centre of this dis- 
tance dmw a perpendicular. Measure np this perpen- 
dicular two feet and funr inches, and from thnt point 
K^Faw a scratch to each end of the base line. These will 
Hptark one side of the hopper, the other three being the 
"same. Three inches in widtli, on the perpendicular. 
may be left off from the point of each piece to make the 
hole in the bottom; and if a single board can be gotten 
wide enougii to make each side of one piece, it is prefer- 
able; if tiiey must be spliced, do it at the point. Mitre 
these together equally at the corners, and fit in the cor- 
net posts, which should be of good wood and no larger 
than actually necessary to hold the screws. 

We would advise the setting of the bevel by the cor- 
ner itself, as the best rule, then work the corner pieces 
by this lievel inside as well as out. It is easier than to 
round thera by hand, and they are better. It will im- 
prove the appearance of the hopper, and diminish the 
liability of grain to be spilt over, to put a large raunded 
moulding around the upper edge. 

Some millers prefer a round hopper. These resemble 
a reversed cone instead of » pyramid, and are made of 
tapering staves with the wide ends up, and the narrow 

Eds meeting in a cast-iron ring to which the points are 
ttened; this ring forms the hole in the bottom. A 
jnd rim of felloes is put around the top like a mould- 
ing to which the staves are secured, and a similar one 
ifi fastened round the middle, A board cover is laid on 

the hopper stand with a circular hole in its centre, into 
ihich the hopper is dropped down to the centre riui 
Dun which it rests. This allows the hopper, board and 
il, to be slid forward to increase ttie feed, or back to 
kop the feed when the stones are stopped, just as the 
buare hoppiT can be slid upon the naked fnim 
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The ordinary shoe that is hung under the hopper to 
control the feed may be made as follows : Take a piece 
of hard wood about twenty-two inches long, five inches 
wide, and one and a half thick. Round off the front 
end tastefully and work a mortise through it five or six 
inches long, leaving two inches of whole wood at the 
round front end and an inch and a half at each side; 
this is for the dansil and grain to pass through. Now 
bevel both sides to the distance of fifteen inches from the 
back end, and also the back end to the same angle as 
the hopper, and nail sides, six ot* seven inches deep upon 
these bevel edges, and an end behind to correspond 
with these sides, the end being rounded up in the middle, 
and the sides rounded down in front. Slant off the 
bottom down to the lower edge at the hole, to encourage 
the flow of the grain and the shoe will be complete. 
The back end should be nicely poised upon a pivot, 
fastened to the top of the curb, or hung upon a strap 
of leather or iron attached to the hopper stand. 

The last is the most convenient arrangement, as the 
shoe in this case is lifted off with the stand. In the 
other case, the person lifting the stand must either lift 
the shoe with one hand, or unfasten the string in front, . 
and lift the shoe by itself The front end of the shoe i 
hung, as already indicated, by a string wound around 
roller placed across the hopper frame. This string ie^^ 
attached to the roller near one end, and by drawing o 
liquely, keeps the side of the shoe in contact with th 
revolving dansil, and produces the necessary shake ti^ ^o 
cause the grain to feed. 

The shoe is sometimes made by nailing the two sid^Be 
hoards together at the bottom at a right angle, and cu— /- 
ting one off before it reaches the dansil, to dischai^ tl — le 
grain. A point of the other board extends past tM^oe 
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H, nnd to tills the feed cord is attached ; the hind end 
' this in bonrded up like tlie other. This is a *?iiiiple 
/ of making the shoe, nud if a small piece is fitted in 
i fill the sharp corner at the bottom, it answers n good 
brpoae. We have seen cast-iron shoes used, bat would 
not recommend them. They are heavy, and produce a 
lumbering unpleasnnt noise when the mill ia working. 
I We will next ninke a few observations on the niill- 
^■toncB, OS these are the most important parts of the mill. 
^Blie quantity and quality of the work done depend very 
^Tlnuch upon the kind of stones selected, and the condi- 
tion in which they are kept. 

Formerly mill sloncs were made of granite, or some 

other flinty conglomerate rock. Not unfrequently from 

boulders found in the vicinity where the mill was built, 

and in those days the millwright and miller's trade in 

eluded the making of these. These stones are scarcely 

ever used at the present day, except in very remote new 

settlements, being almost entirely superseded by the 

French Behr, or '■ burr stones." This displacement, 

^^owever, has been gradual, and one kind of the.se rock 

phones, known as Esopus or *' Sopev" (Yankee) stone, 

^Blftintained its ground against the burr stone innovation 

^until very recently, and a few of these still linger in 

good millM, in various parts of the country, to the present 

These stones resemble in texture a bed of small 

vhite pebbles congealed together in a darker matrix, 

frbich completely fills the interstices, and leaves no empty 

lelle like those in the burr, the sharp edges of which 

perform so important a part in the process of grinding. 

lie Esopus stone has therefore no cutting edge except 

Be dress made by the mill pick, and when this is worn 

bty it takes a polish as smooth as glass, and to grind 

• in this condition would be like trying to aai^ 
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with the back of a saw. It is also much softer tl 
the burr stone, and fur this reason the dress is iimoh 
sooner worn out; but this softer ti:iture tells in its favor 
in one respect, that it is far easier to dress than tlie burri 
stone, and this fact helps to reconcile millers to its use,' l 

The last Esopus stones that we used were placed for 
bed-stones under very open burr runners. We expected 
that the harder burr stone would switch the dress off 
from these bed-stones in a short time, but such waa not 
the case. The close soper stone had so much more 
wearing face than the open burr, that they wore nearly 
equally. 

The following method of using rock and burr stoni 
together we have heard highly recommended : Make 
the eye and a portion surrounding it of good quality of 
rock stone, and of such diameter that one tier of hurt 
blocks put around the outside will make the stone of thi 
intended size, hoop and finish up tike ordinary burfJ 
stones. It is claimed in recommendation of this pli 
that the flouring is all done near the outer skirt of thi 
stone, and the portion around the eye, having only 
crack the kernels, without coming in contact with thi 
opposite stone, requires frequent dressing down wittf 
the pick to maintain the necessary clearance or " bosom' 
as it is called. Also, that this rock stone around the 
eye is so much softer than the burr stone at the skirt, that 
they will wear down nearly equally, and little more i«j 
required to keep the stones in order, than to keep thefl 
furrows in shape, and the dress sharp. But the mak- 
ing of mill-stones is now a sepanite branch of business, 
and as such it is brought to greater perfection than cuuld 
have been expected had it continued to be one of thi 
millwright's many responsibilities. 

This consideration will render a chapter on makini 
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^ill-8tont?8 unnece»*iary, which In our yuunger days 
jrould have been iis iuteresting to the millwright as any 
ptiier in the buuk. 

Tbe millwright, until recently, Iiad often to do nil tlie 
nriiing, boring, and fitting for the whole mill, wliich is 
bow done in the finishing shops, and is another import- 
nt relief. 

In selecting new stones, particular attention must be 
taid to tlie kind of grain intended to be ground, as the 
texture of the burr most suitable for one particular kiud 
f grain, would be fuund totally unfit for other varieties. 
Pot some hiird. dry, fiinty varieties of wheat, such as 
iie " Black Sen," a very close compact slone is i-cquired 
to reduce tlie grain sufficiently soft and fine witliout cut- 
ting tbe bran up too much. Such stones, unless very 
LparefuHy kept, would be liable to heat and kill othur 
^bofb varieties, particularly of winter wheat, and would 
Hpeither grind such wheat bo fast nor so well as a more 
"open and a sharper variety of burr. Again, for corn and 
other coarse grains, a moderately open stone will grind 
^fflater and easier than such a close one, besides being 
^kuch less dilficutt to keep sharp. On the other hand, 
^Bpe have often seen stones so open in texture, and with 
^■0 little good face that it was impossible to grind these 
00«r»e gTiiins sufficiently equal. ' And at the same time 
these very open stones, almost resembling a honey coiub, 
would grind oats, and barley, and mi.ved grain, suffi- 
ciently fine for feed, as f.ist as it could be run into the 
I and gt>t uway again, and rasping up tbe hulls 
tbe meal, in a manner quite impossible with 
■grained stones. 
! stones should therefore be chosen with a due re- 
l to tbe kind of grain they arc intended to grind, 
, that it is desirable to have the wh< 
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face of the stone as nearly alike as possible, as every large 
hole is so much lost to the face, and every perfectly 
dose spot is also a loss, because there are no cutting edges 
in it except such as are made by the mill-pick, which is 
a very tedious and expensive process. If all the time 
that has been spent in work with the mill-pick, upon an 
old run of close burr stones, were counted and figured 
up at a moderate price, the sum would buy new stones 
a great many times over. On the other hand, we know 
of several runs of the honey-comb kind that are worn 
out, or nearly so, that never cost an hour's work in 
sharpening or dressing. All that they ever require being 
an overhauling once in several months, to furrow them 
out and true the face a little. 

The only rule that we could give for selecting a run 
of burr stones, aside from their adaptation to a particu- 
lar kind of grain, would be to get them with as many 
cells, and these as small as possible, and nearly equal 
throughout, any excess of cells being more admissible, or 
less damage in the runner, than in the bed-stone. 

With regard to facing and dressing the new stones, we 
would observe that all new burr stones require a con- 
siderable depth taken off the face after they are put 
together, to fit them for taking the proper dress. One 
reason for this is, that the workman in facing and fittini 
the blocks must strike pretty heavy blows in order 
make reasonable progress with his work. These heavy^^J 
strokes fracture and splinter the surface considerably, 
below the portion actually taken off. Besides, in 
ing off the edge to fit the blocks together, this hai 
splintery stone cannot be worked up to a true straigh^ ^^^t 
corner next the face, like a piece of wood or metal. Bo-tfEZit 
at\er the blocks are together, and the cement between, th^i^ae 
corners are supported, and will bear to be worked dow"^ — n 
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true like the rest of tbe stone, by a slmrp light inlll-picb^ 
For these reasons tlie whole face of the stone must tie 
picked off to i\ coiisidemble depth with the pick ; this U 
gerieruUy done, in part at least, at the factory where the 
Btonea Hrt'niade, and t'l complete the face, and take it 
out of wind, the following is the common practice : — 

Procure two straight edges parallel and straight on 
hoi/i edges and of exactly the same width. Place these, 
one on each side of tiie etone parallel with each other, 
and halfway from the eye to the outside, mark along the 
wdes of both of these, with a pencil or red chiilk, sight 
across the top of these to see which end requires to be 
tnost settled into the stone to bring them true on top, 
then lift them, and go to work with the pick between 
the pencil marks, until you eetlle these marked portions 
Jo a good face and true with each other. After picking 
lown roughly to near the depth, paint the straight edge 
nd rub it lengthwi.se in the track upon the stone, to 
(how the high spots and pick these down, until the face 
1 these two channels ia completed. 
Now place the two paint staffs across the stone in the 
pposite direction, and in the same position, and mark 
lUt two other channels across the first, and settle these 
lowii with the pick, the same way until the paint shows 
I the crossing. Next place these across the corners 
md mark and pick down as before, until these channels 
paeet the others, and so continue to mark and pick off, 
util the superfluous stone is removed to the proper 
iepth, using the first four channels for a guide; and 
len rub the paint staff lightly over the whole surfuce 
|id pick off the marked spots until the face is com- 
peted. 

f Some use three parallel eticks and place them in a 
■iuDglo to sight across, and take the face out of wind, 
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but two are preferable. We have sometimes faced new 
stones by a machine called a tram. This is a heavy 
paint staff of hard wood, hung at the middle upon a true 
turned standard fastened firmly at the centre of the eye, 
and raised or lowered by a thumb screw at the t«)p. 
This was painted on the lower side, and slipped on to 
the standard, and the height gauged by the thumb-screw, 
^o that the paint would just touch the highest points on 
the face of the stone. These marked points wei-e cut 
down by the pick, and the tram lowered by the thumb- 
screw until it marked again ; this process was continued 
until the tram swept the face of the stone all around. 

This plan answers very well when the stone is nearly 
true, and requires but little taken off, but when there is 
considerable to be taken off, the process is too slow, as 
the whole surplus stone must be picked into dust,- by 
going over and over the same ground, perhaps a hun- 
dred times ; while by the other process the depth to be 
cut away is shown at first, and can be mostly knocked 
off in larger chips and splinters almost to the full depth 
at once. 

It will facilitate the reduction of the face to a proper 
finish to rub the surface over with a burr block, or other 
hard stone with a good face, to smooth down the sharp 
points, which will otherwise keep up the paint stick 
and tend to scratch and spoil its surface. 

Some put the stones down in this condition and grini 
them together to finish and fit the faces, and then tak( 
them up and furrow and dress them for grinding. Oth( 
furrow them out first roughly, and then grind and &i0^ -^t 
the faces, and take them up and finish the furrows, ancS 
crack and dress for grinding. By the last plan, 
grinding will suflSce, because the furrows being cut 
it leaves only the lands between to be ground down, ii 
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Pof the whole surface of the stone ; but, on the other 
and, we Iiiive frequently seen the furrows Ciircfully 
mrked nnd dug out before the stones were ground 

;ether, which were either almost or altogether ground 
Dt and obliterated, and had to be marked and made 
We are nut disposed to argue this poiut, and 
ill merely remark thnt the process of grinding down 
le fiice is slow and tedious, if the naked faces of the 
ones are ground in contact, but by interposing a small 
(ream of dnj sand, or clean water it ia done more quickly 
nd better. Never try vcd sand or eand und water. 
ITe were once persuaded to use tliis, but the friction and 
eat reduced the wet sand into clay or mud, and packed 
rery crevice in the stones full, and everything around 
as daubed full and plastered with it. 

When dry sand, or clean water is used it ia easily 
mtrolled. You may place a bait on edge around and 
ear the Btone, and, if sand is used, collect it inside of tltii^, 
Od keep pouring it into the eye again. If water, fill 
18 eye around the spindle with mill dust to keep the 
Qsh dry, and lay a ridge of similar dust around inside 
* the belt, and make one or more little spouts from this 
I discharge the water, which may either be caught 
nder these in a vessel or run away. The water may be 
Dured into the same spot in the eye from a tea-kettle, 
piece of rag being laid under the small stream to save 
le dust from wasliing. If no belt or other convenience 
be had to place around the atone, then the curb 
lUst be put on, for without some kind of fence the sand 
■ water would be scattered all over the mill. 

The stones having been brought to a proper face, the 
irrows are next to be laid out. To do this, fit a piece 
; board into the eye levt-d with the face of the stone, 
^d find the centre by moving a sweep around the skirt, 
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and from this centre drnw a circle upon the board with 
radiui^ equal to the intended draught of the furrows, Sti 
the circumference of the stone into as many divisions 
there ai-e to be quartet's in the dreg's, and maik each of 
these divisions on the hoop of the stone with a cold 
chisel. Now lay a furrow pattern from each of these 
marks on the hoop to the outeiih of the draught circle 
on the board, and mark the furrows on the face of the^ 
stone by this pattern. 

These will indicate the leading furrows, and to mark 
tlie short furrows place another pattern representing tha 
land, along side of the leading furrows, and the pattei 
for the furrow beyond that again, and so on alternately, 
marking the furrow and the land each time until the 
whole quarter is laid out. 

We give an engraving of a stone with a dress of eigk* 
teen quarters or sections, and also one of a stone with 
dress of twenty-one quarters or sections, which we thinl 
will be sufficient to illustrate, and assist in expliiinii 
the remarks we have already made and those whicl 
are to follow on this subject. 

The rule for laying oyt the dress of mill-stones, aa 
above stated, will be understood at once, by every miller, 
but to the uninitiated it will be incomprehensible with- 
out the following explanation : — 

When the grain falls into the eye of the stone it is 
swept around by the revolving irons until caught betweej 
the stones, and here the process of grinding comnieuci 
At first the grain is only cracked, and a motion given to 
it, which increases with every revolution as it is driven 
around between the stones, and reduced finer and finer 
as it iipproaches the circumference where it is i 
as flour or meal. This velocity, and the ratio of its ia 
ci-ease, can neither be measured nor computed by any 
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known process, but as it is urged onward by the motioJo 
of the runner, and retarded by the quiescent bed-stone, 
its revolving velocity at every point is somewhere be- 
tween these two extremes. Its progress towards the 
circumference, by the centrifugal force, is also modified 
by these two contingencies, and the problem to be solved 
is, to proportion the draught of the farrows, and the 
bosom and dress of the stones, so that the grain in 
travelling from the eye to the circumference, in this 
complicated and undefinable course, will be thoroughly 
ground, and no more, when it comes through. 

It has been already mentioned, that if too long con- 
fined, the flour will be heated and killed, so that it will 
not raise and make bread ; on the other hand, if it pass 
through too rapidly it will not be sufficiently ground, 
and part will pass over with the bran, and cause 
waste. 

We have also said that this subject of furrows an< 
their draft was understood by every miller; this will 
seem incompatible with the vague uncertainty express 
in these last paragraphs, and be received with 8om( 
modification, as it is the result and not ihe principle thai^^-t 
ii* understood. And even results are very vaguely and^^^ 
differently understood by different millers. 

Here is an example : — We once heard two first-classes^ ^^ 
millers discussing the propriety of using an Esopus bed — ^" 
stone under a burr runner. The advocate for thi^^-^ 
arrangement stated with perfect confidence that th< 
running stone performed two-thirds of the work ii 
grinding. The opponent disputed the allegation, an< 
challenged its proof, at the same time remarking thai 
it was impossible to get between the stones to see whicl 
did the most w^ork, but this much he knew, that whei 
a run of stones, both silike in quality, was dressecS 
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like, the dress in the bed-stone would be worn out 

This observiuioii we have often seen verified hince, 

the theoretical demonstration as to its cause we 

iRve to pliilosophere. 

Again, we employed a stone-dresser, reputed to be a 

Bt-rate workman, and he deserved the reputation so 

■ as the mechanical part was concerned, who took 

'eat pains to impress the younger workmen with the 

iportmice of cutting the deeji edge of the furrows steep 

id sharp, because, he said, it was these sharp edges 

♦hat broke and cut the grain. IIuw any man, of good 

jud^'ment otherwise, could nourish such a fallacy through 

so many years of experience, is n mystery not easily 

ixplained, especially as he most have seen these eteep 

lorners which he advocated, invariably filled up with 

lust, to an angle less than half as eteep as tliat which 

K insisted upon. 

We mention these differences and dilBcuUiea to show 
he uncertain and variable diita upon which this problem 
lepends, and instead of offering any particular rule as 
ipplicable under all circumstances, we will only give 
lome general observations on the most popular dresses 
tad draught in use, and advise any miller to depend 
■ather upon his own judgment and experience than any- 
liing we can suggest, to determine the dress most suita- 
>le for the particular case in hand. 

The dress most popular in our younger days was n 
quarter dress, consisting of either seven or nine quarteis ; 
he rule being to give the leading furrows an inch of 
Iraught for every KkjI in diameter of the stone, but this 
lerainds us that we undertook to explain the meaning 
>f this draught, and have failed to fulfil the promise. 

The furrows do not run from the skirt of the stone 
lirect to the centre, hut obliquely to one side, and the 
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distance of the inner end from the centre is the measure 
of the draught. These furrows point to the right or left 
of the centre, according to the direction in which the 
stone is to revolve, whether with, or against the sun, 
the object being to sweep the grain outward from the 
eye, and assist its progress through the stone. The dress 
is laid on both stones alike, with the face of both up, 
and when the runner is reversed and laid upon the bed- 
stone, the furrows cross each other at an angle, like the 
blades of a pair of shears while closing. But although 
the closing or crossing of the furrows, like that of the 
shears, commences at the centre and progresses outward, 
they never come together, like the shears, but every 
furrow in the runner is constantly sweeping across the 
corresponding furrows of the bed- stone, with this closing 
progressive motion, shearing the grain finer between the 
inclined planes of the furrows, and carrying it over the 
intervening lands, the sharp and even faces of which 
complete the reduction of the particles to the proper 
grade, and finish the process of grinding. 

We knew a man, the owner of a mill (his own mill- 
wright and miller, said to be very ingenious, and a real 
''jack of all trades"), who changed the breast-wheel 
which drove his mill into an overshot; this rever^^ed 
the motion of the machinery, and turned the stones hi 
the oj)posite direction. To adapt the stones to this re- 
volution he altered the shape of the furrows, by dee[)en- 
ing the inner edge, and turning the feather edge of the 
inclined plane to the opposite side, but left the drawj^^^ 
and position of the furrows the same as before. When 

• 

the stones were started the furrows gathered the grain 
toward the centre, instead of sweeping it outwaird, anJ 
thus counteracted the centrifugal force, instead of helpino 
it ; and the flour, instead of discharging as it was ground, 
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retained between the stones until it heated and 
bilked on to the surface, clogging and stopping the 
on. Tlie stones were nuBed to free them, but the 
■ was bnltL'd on more and more, until they were 
n up and the psiste picked off with the mill-picks, 
tried them several times, but always with the eaiiie 
It, the trials occupying Bevenil days, for it was a 
ious job to pick the paste out of tlie furrows. The 
was very superstitious, and as there were several 
ted witches in the neighborhood, he charged them 
, trying to annoy him. 

'e were engaged with a gang of hands on a mill 
t miles distant, and he came over to see if we or any 
our men could help him out of his dilemma. We in- 
quired if he had chunged the furrows in the stones, he 
said thiU he had, and we failed to make out by hiij ac- 
mt what tlie trouble was, and sent a miller overwitti 
1 to reconnoitre, and he found the stones as we have 
icribed, and pointed out the remedy. 
We mention this circumstance for the double purpose 
illustrating tiie importance of this subject of draught, 
% also to verify a remark that we have often liad oc- 
ion to make, which is, that a man to make a good 
1 successful millwright, or even miller, must have 
re than an ordinary share of judgment and common 
iBe; and many that would make first-class mechanics 
almost any ordinary trade, would, if they choose this 
lupntion, olten meet with circumstances and unfore- 
n occurrences that would tax their patience and 
;enuity to the very utmost, and be a frequent source 
perplexity and annoyance. 

The dress we began to describe as consisting of only 
jvn or nine quarters, had of course oidy that number 
leading furrows meeting in the eye, to admit the grain 
20 
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between the stones, but this deficiency was balanced by 
the hosom, which at that time was always given to the 
running stone. The bed-stone was faced true and level 
throughout, as at present, but the runner, after being 
faced true by a real straight edge, was then gone over 
with another that had a swell at the eye of from an 
eighth to a quarter of an inch, and ran out to nothing at 
a certain distance from the skirt; this had a hole through 
the middle, and was slipped on to a pin in the centre of 
the eye to keep it true, and being painted below and 
turned round upon the centre-pin, the paint marked the 
stone around the eye, which was picked off, and the pro- 
cess repeated until the bosom was excavated to the shape 
of the swelled straight edge or mould. 

This open bosom admitted the grain between the 
stones as freely as the increased number of furrows now 
generally used, with little or no bosom, the grain at its 
entrance being only cracked, and then reduced gradually 
as the bosom contracted to its termination. From this 
point to the skirt, both stones were perfectly true, and 
this was called the flour or face of the stones, it being 
the part where the actual flourwg was performed, and 
the only portion of the faces that could come in contact. 
This flouring face was left of various widths, according 
to the fancy or experience of different millers, and modi- 
fied to suit the kind of grain and the quality of the 
stones. Sometimes it extended only five inches from 
the skirt, while under other circumstances it continued 
half way to the eye. 

Since that time the bosom has been more or less dis- 
carded, the number of quarters and leading furrows being 
proportionately increased. Another modification ha^J 
also taken place, which is, that the short furrows n^e 
now generally cut through into the leaders, making a^ 
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tsommanication with these, which greatly iiicroases 
le draught. Formerly a whole laud intervened he- 
recn, against which the short furrows butted, and 
rer which the grain had to pass to get into them, 
hia left a whole unbroken laud on both sides of the 
nding furrows, and made some kind of bosom indispen- 
ible. In order to understand this subject perfectly, 
le reader must study the drawings, for without having 
■course to these we cannot convey our ideas intelligi- 

Some enterprising miller ventured to increase the 
Umber of quarters from nine to eleven j another with 
till more seU-reliance raised them to thirteen; then 

other bolder than either got them up to fifteen; the 
ext one to seventeen, and so on, still preferring the odd 

mbcrs, until twenty-one was the favorite number, 
luring tlie progress of this improvement, the short fur- 
iW8 were gradually cut through into the leaders, until 
lat practice is almost universal; and the bosom has 
sen reduced, generally to the thickness uf a sheet of 
iper, and by some good millers it ia dispensed with 
itogether. The most popular rule, and probably the 
!8t one, 18, to place a sheet of writing paper under the 
raight paint-staff, and have it draw freely out all around 
;e eye. 

While these transitions were progressing, the ratio of 
le draught to the diameter of the stone wns frequently 
odified ; when the quarters were about fifteen, and the 
lort furrows cut through into the leaders, an inch to 
le foot was found to he too much, but when the whole 
nd was intervened, this draught wns not eulhcient. 
p to about this numlier, and above this, the furrows 
•nerally cut through. The necessity for these vnri- 
lOderstood by consulting the cuts; the 
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fewer leaders^ the more short furrows must intervene, to 
fill the quarter, and the draught of every one of these 
increases as they increase in numher. The actual ob- 
struction interposed by the whole land between will also 
be seen. The average draught now used with the in- 
creased number of leading furrows, and the short ones 
cut through, may be said to be the old rule of an inch 
to the foot. 

One cause for these alterations in the dress of mill- 
stones may be found in the increased power now applied, 
and the greater quantity now ground in a given time 
by each run. That this was the principal cause will be 
still more apparent, when we remember that the size of 
the stones now used to grind this greater quantity is 
much smaller than those formerly used to grind the less 
quantity. The stones formerly used varied in size from 
four and a half up to six feet ; those now in use vary 
from four and a half doion to sizes ridiculously small for 
the quantity of work expected of them. A five foot 
stone could afford to have a part of its face wasted in 
bosom, and a little more wasted in extra wide lands, 
and yet grind five or six bushels in an hour ; but when 
a four foot stone has to grind ten or twenty bushels in 
the same time, there is little margin for waste, and both 
the miller and millwright are put upon their mettle to 
meet the altered contingency. 

This subject reminds us of an idea prevalent among 
the uninitiated with which we have often been " bored," 
viz., that where the power is limited, small stones should 
be used to economize that power. This is a fallacy, a 
certain number of superficial feet of face must pass each 
other in order to grate and grind a given quantity, 
whether the stone be large or small. If the stones be 
large, fewer revolutions will pass this number of feet, 
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and the driving pulley or pinion on the spindle will be 
large and have a strong purchase to turn it; but if the 

Ifltonea are small, it will tiike more revolutions to do it, 
And tlie pinion or pulley must be proportionately smaller, 
|»nd have less purchase. If the small etones be hall' the 
^perBcial face of the large ones, then they must make 
jhfice as many revolutions, and with only half the pur- 
ichase of the large ones; this would make them equal, 
but the small ones have a decided disadvantage in hav- 
ing to perform the same amount of work upon one-half 
j()f the surface. All the economy then that we can see 
1 using small stones is. that tliey cost less, occupy less 
om, and are more easily moved and handled. 
There ia another kind of dress used to a considerable 
xtent in some localities, called the "sickle" dress, or 
urcle dress. This, as the name would indicate, is com- 
poned of a series of circles, resembling the reaping sickle, 
instead of a combination of straight lines like the other. 
These circleit commence in the eye and e-vtend to the 
circumference in a peculiar curve, corresponding with the 
^jdrnught of the other leading furrows, and balancing the 
^Htigle of the short ones in the quarter dress, a single 
^Bbort furrow, agreeing with these, is generally intervened 
^^o divide the space between at the outer ends. This dress, 
when carefully laid and worked out, gives a regular and 
equal draught throughout its whole length, and con- 

Rdered theoretically, it is the most perfect dress. 
But there are certain practical olijections to it, which 
Bve hitherto prevented it from coming into general use, 
and lend to give the quarterdress the preference. One is, 
I Uiat having so many furrows crowded into the eye, these 
inner ends must be the smallest, and being only half the 
■utnber, and the whole grain having to pass through 
mem in this limited space, they ought, like the leaders 



GRIST- SnLLS. 



in the quarter dress, to be largest next the inner etii 
Another is, that the varying curve of thU dresa preventa 
the use of the painted furrow patterns to true and finish 
the furrows and keep them of the proper size and i^bape. 

This is a serious objection, although those millers who 
only dress out their furrows once or twice a year may 
nut consider it so. This practice is far too general, and 
is like that of a sawyer who would keep his saws filed 
and sharp, but would only set them once or twice a 
year, and at these setting times give them an extra allow- 
ance to help them over the long interval; this policy 
of the sawyer would be absurd, but no more so than 
that of the miller in the parallel case. The true policy 
for the sawyer is, when he files the saw, to examine the 
set, and spread a point liere, and bt;ud a tooth there, and 
thus keep the set true and sufficient; the true policy for 
the miller is, when lie picks the stones to rub the painted 
pattern in the furrows, and pick off the mxrks left, 
deepening a spot here and widening a spot there, and 
thus Ictepiiiij the furrows true and sufficient. 

This is even more Imiierative with the stone than with 
the saw, because it is the feather edges of the furrows 
that breiik and reduce the particles of grain, therefore 
these edges soon wear smooth, while it is important that 
they should be kept sharp. The system which we ad- 
vocate insures this, as these feather edges are more or 
le»s sharpened every time the stones are picked, while 
hy the other system they soon become smooth as glass 
and are allowed to continue so until the great furrowing 
out time (like Aunt Dinah's great "daring up time") 
comes round. 

It has been already intimated that the sickle dresB 
does not admit of this plan of keeping the furrows, and 
this has contributed more thun any other cause to in- 
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jgurate the Byatem which we deprecate, of leaving the 
irrows unUiLicheJ until woru shallow and smooth, and 
len dig them out ngiiin. 

Some make another objection to the sickle dress, of 
le apparentdifficulty of tracing the propercurve. This 
lone should not deter any one from using it. The rule 
trigonometry by which it is arrived at is rather intri- 
e, and woidd hardly be understood by one miller in a 
undred, if we tthould give it here; but utty one may 
;t it from another miller, or from the patterns used in 
irao other mill, or failing these sources, let him lay out 
vo leading furrows of the quarter dress uprjn the new 

itoue, or on the Uoor, and fill up the intermediate space 
itii lands and short furrows to match. Now take a 
itable piece of thin board and lay upon this quarter, 
id trace the intended curve upon it, by balancing the 

Iraught of the lender, and the angle of the different 
lort furrows, and splitting the difference as nearly as 
jssible by the eye. Cut off ihe outer edge of the board 
I this curve, and then test and correct it by the foUow- 
ig process : Lay the curve thus made upon a clean part 
' the stone (or flotjr), the inner end with the intended 
raught, and mark it plainly ; now reverse the curve the 
her ?ide up, and with the draught right to represent a 

'urrom of the runner, and move it slowly across tlie 

iur\'e on the bed-stone, like an opposite furrow, and 
leaaure the angle at which they cross all the way from 
le eye to the circumference. 
If the angle between the round sides as they close 

ike a pair of shears all the way out be the same, the 
irve is right and the drau-jht equal ; if the angle varies, 
fC curve must be altered until the above result be at- 
ined. This curve will now be the outside of the re- 

luired pattern ; to finish it, mark or gauge from this side 



312 GRIST-KILLS. 

the intended width of the furrow upon the board, and 
cut it away to the mark, and the pattern will be finished, 
except that a piece must either be left on or attached to 
the inner side at the inner end, wide enough to marie 
the draught distance upon, and a hole bored through it 
exactly at the centre of the stone to be slipped on to a 
pin at that spot to keep the pattern true. Every lead- 
ing furrow pattern requires this pivot, and •to lay out 
the furrows it is only necessary to move the outer etid 
from one mark to the next one on the hoop to lay out 
the divisions, the pivot keeping the inner end always 
right. 

There is another dress which is a sort of compromise 
between the quarter dress and the sickle. It proceeds 
in a straight course from the eye to within six inches 
of the skirt, and then turns a comer, resembling the 
short furrows of the quarter dress from this point It 
was, no doubt, intended to combipe all the good points 
of both the others, but fails to attain those of either. It 
has neither the even regular draught of the sickle dress, 
nor the straight freedom of furrows of the other, while 
it combines the disadvantages of both. 

The actual width of the furrows and lands, and the 
relative proportion of tliese to each other, is another 
point equally vague. We have seen furrows of every 
intermediate width from three-quarters of an hich up 
to two inches, and lands varying from tliree-fourths of 
an inch to four inches, and these jumbled together in 
every conceivable proportion, without any resemblance 
to a rule to regulate the relative breadth of each to the 
other. The greatest curiosity in this direction i« this, 
that each individual miller considers his own system 
ri^lit, and every other miller to be more or less in error 
in proportion as they differ from him, and if a man were 
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J flfiSiiil Iiitj Bjsteni and try to persuade him to cliaiige 
it, it would be like trying to make a proselyte iu reli- 
ftion. All the benefit Hkely to result in either case 
would be fnim a casual random remark that might set 
bim to thinking. 

■ These considerations, and the great length to which 

■ this article hoM already expanded, have tired us of the 
f subject, and aa the reader must be equally tired, and 

we have yet to consider the subject of balancing the 

running stone, we will appeal to Mr. Littlejohn to help 

, us through this part of the subject. We saw an article 

rirom him published Bome years ago in the "Scientific 

P«&nierican," which expreseed our ideas niid experience 

BO much better than we could, that we will transcribe a 

portion of it for the benefit of our reader-s. 

It may be remarked, however, that the breadth of the 
land 18 now generally made to approach mucli nearer to 
hat of the furrow than formerly, some good millers 
' making them equ.il, that is, half furrow and half laud, 
■while others, like Mr. Littlejohn, make the furrows the 
■widest. But this reduction of the laud must be modi- 
fied by the quality of the stone, and the kind and condi- 
Uon of tiie grain expectud to be ground. The "dress"' 
' tracked into the lands by tlie mill-pick to give the re- 
C[uisite sharp cutting surface, is aUo modified by these 
<^onBide rations, and still more by the fancies aud capaci- 
ties of the different millers. These combined give it a 
Xrangti from four cracks to the inch, up to about tlurty- 
^^;wo; the hem plan is to have them as close as will luave 
^^■sach one distinct from the next, with an unbroken line 
^Hbf face between. 

I The process of balancing the running-stone by the 

bole upon the pivot of the spiudle is now, by the im- 
provernenis introduced by the makers, easily acconi- 
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plished. This pivot, or point of suspension, is near the 
average height of the burr blocks composing the face of 
the stone, but these blocks are of very different thick- 
nesses and weights, and formerly no attention was paid 
to this difference ; the result was that the burr portion of 
the stone below the point of suspension was frequently 
much heavier and thicker on one side than the other. 
Then in backing up the stone to the full thickness, large 
blocks of stone were frequently placed in, over the thin 
side ; these were above the point of suspension, and being 
heavier than the plaster which filled the opposite side, 
the stone would be heavy at one side next the back, and 
at the other next the face, and thus it was easy to 
balance it when at rest ; but when set in motion, the 
heavy side next the face would be drawn in that direc- 
tion by its centrifugal force, while the opposite side, 
being heavy next the back, would be drawn in the 
other direction. These centrifugal forces, being equal 
and opposite, one above and the other below the point 
of suspension, or top of the spindle, the stone would be 
tipped over, and one side would drag upon the bed-stone 
whenever it was set in motion. This drag would in- 
crease in weight as the velocity increased, and diminish 
jxgain with the velocity, until with it, it finally sub- 
sided. 

This condition of the running-stone has caused much 
perplexity and loss, on account of the difficulty of deter- 
mining the precise spot to phice the lead to balance it. 
It would be easy to give it a running balance by placing 
the lead inside the hoop at the top, on the high side, but 
this would disturb the standing balance, and that side 
would drag every time both in stopping and starting. 
Unless a stone be balanced in both conditions, it is im- 
possible to keep it in perfect order to do first-class work. 
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Eough many gooJ stones are used and worn out that 

ver were perfeclly balanced in bulh of these siuti-s. 

best means empinycd to attain both of these 

tlances, before the iiitroduution of Mr. Brown's system, 

, to dig out eitlier three or four large holes, at op- 

isite ^idea, through the biieking of the stone down to 

the burr blocks, and close to tlie hoop. In each of these 

p lace a eheet iron Ciinister the whole depth, and dtliug 

^Do the hoop outside, the other sides of any shape ; place 

Hbh iron spindle, screwed the whole length, down the 

I centre of each canister, and having free bearing in the 

bottom and top, with some provisions for turning it at 

top, and on this spindle place a lieavy chunk of lead, 

itting the canister around the sides, but free to screw 

I or down by turning the spindle. Particular care 

DUrtt be taken in building these in, to obtain the stand- 

Jig bulunce. This is attained by placing etone or iron 

■ound liie boxes to fill vacancies on the light side of 

he etone, and pieces of wood, or, in extreme cases, var 

lancies covered by wood, in the heavy side, filling and 

bvering the whole with phister. 

The stone may now be set in motion to ascertain the 

tondilion of tiie running balance. When the heavy and 

ight sides are determined and marked, the stone may be 

(topped and the balance adjusted by screwing up the 

tod weighli* at the light side, and letting them down at 

he heavy side ; these trials must be repeated, and the 

eights manipulated until the proper running balance . 

attained. This raising and lowering of thy lead 

Ireiglitt) will not disturb the standing balance, but should 

i vary, as it is likely to do by the drying of the new 

Uaster at first, or by wearing unequally afterwards, it can 

} readjusted by adding to or diminishing the weiglit of 

Uie lead at the high or low sides. When this occurs, of 
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course the lead weights must be regulated anew to re- 
establish the running balance. 

This mode of balanci ng a stone involves considerable 
expense of time and trouble. We have frequently had 
to dig out whole blocks of cull burr stone in making the 
holes for these canisters ; at other times we have en- 
countered large slabs of building stones, and in some 
cases it would be easier to remove the whole backing, 
hoops and all, and back the stone anew. But it is 
better policy for the miller to spend any amount of time 
and patience upon it and get it right, than to run it 
with one side constantly trailing upon the bed-stone. 

The following method is that referred to as being in- 
troduced by Mr. Brown. We have used it for several 
years, and find it as reliable and much more expeditious, 
than the last described : Get two pieces of thin close- 
grained board about four feet long, and six inches wide ; 
plane these and gauge and dress them down to about 
three-eighths of an inch throughout, raise the runner 
about half an inch clear of the bed-stone, and slip these 
pieces between, one at each side and about half way 
from the spindle to the outer edge ; slip a piece under 
each projecting end of these to fill the space between 
them and the floor, and drive a nail down through to 
keep them all firm. Now set the stone in motion, and 
let it down until it scrubs upon the boards, and while 
it is fitting and polishing the surface of these, fit a 
plank across the top of the stone in a convenient posi- 
tion for a rest, and turn the whole back off perfectly 
true. This, if the face be kept down tight to the boards 
during the operation, will make the back agree exactly 
with the face, and this is the main point gained by 
Brown's system, as will be seen by the other part of the 
operation. 
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The stone may now be stopped and raised iip nm] 
the boards removed, and when started again at tlie 
working velocity and clear of tlie bed-slone, it will as- 
eume its regular running position, and the light eidu 
may be marked by holding a lead pencil against the rest 
phmk, and moving it carefully down until it touches the 
new turned buck of the stone. 

The stone being stopped, a portion of the plaster may 
be dug out of the back next the hoop, nt the side marked 
by the pencil, and Hie space filled with lend. It may 
now be started again, and the result tested by the pencil, 
as befure, and lead put in the same way next the new 
pencil mark. Tliis must be continued until the pencil 
will mark equally all around the back, when the stone 
may be let down to its place, and as the face agrees ex- 
nclly with the new turned back, it will run true with 
tlie bed-stone as long as the motion is kept upj but when 
the motion subsides, one side of the stone will drag 
upon the bed-stone, unless it be also at the true standing 
balance, which is very unlikely. 

The problem now to be solved is, how to obtain the 

Btanding balance without disturbing the running one? 

"We have already mentioned the pivot in the top of the 

aindle, as the point of suspension, and intimated that 

1 extra weight in any part of tlie stone, above nr below 

point, would dir^turb the running balance by its 

utrifugal force; but we did not mention (utdess by 

}Ucation) that a weight added exactly on a level with 

\ttt point, could not disturb the running balance in any 

This, however, is a fact, and this fact furnishes a 

elution of the problem. 

The following is the mode of operation : Raise the 
■une clear of the bt-d-stone, and with a hand on each 
tOc move it each way until it is clear of the driver, and 
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free to balance every way upon the pivot ; now try it 
all round until you discover the light side, and place 
weights upon that side, until it balances alike. Mark 
the side across the hoop, and turn the stone on edge, 
with that side up, and measure the distance from the 
face of the stone to the pivot socket in the bale, then 
measure the same distance from the face on the edge of 
the stone, and mark that upon the hoop. The intersection 
of these two marks will designate the centre of the spot 
where the lead weight should be put in tlieoreiicallf/y but 
practically this is near the upper edge of the hole, in- 
stead of the centre, as the lead must be placed two inches 
below the point designated. The reason of this is, that 
the driving force is applied at an average of four inches 
below the point of suspension, and as the centrifugal 
force is affected by this, the neutral point is a medium 
between these. It may be difficult to explain this phi- 
losophically, but our own experience corroborates that 
of Mr. Brown, and establishes the fact beyond a ques- 
tion. 

To complete the operation, determine the number of 
pounds in the weights required to balance, and take the 
same weight of lead and estimate the size of the hole re- 
quired to hold it when melted and run in solid ; lay out 
the hole at the part indicated, of an oblong form, if it 
must be large, and chisel it out the proper size ; add more 
lead to balance the weight of hoop, stone, and plaster 
excavated, and melt the whole and pour it in. This will 
complete the standing balance. We have sometimes 
found it expedient to extend the lead outside of the 
hoop with rivets, but this is only necessary when the 
quantity required is very great. 

It may be useful, in this connection, to mention some 
peculiarities with respect to the plaster used in these 
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^^' Operations. In balancing an old stone by the last 

method, it in frequently necessary to cover the back 

11 anew, either in part or wholly with new planter ; tliif, 

^Lna well as covering the lead or other holes in Ihe b.ick- 

^^ iiig, may be done by mixing the calcined plaster with 

^V clean water. Everything must be convenient, and 

^M much expedition should be used in applying it, or other- 

^P wise n considerable quantity will be wasted. Tlie old 

plaster must be wet before the new is applied, and to 

make the adhesion certnin, bit holes may be bored a 

» short depth into the old surfare, and where holes and 
angles occur nails should be driven in various directions, 
taking care to have the heads below the aurfuce of the 
new plaster when it is applied. 

To build in the canisters used in the other method of 
(^^ balancing, more care and time are required in order to 
^^ arrive at the proper bahince, and for this reason some 
^Bkind of sizing must be used in the water, ns this will 
f^^ prevent the plaster setting so fast. Common glue or 
isingliiss, or fulling these, milk to the water may I>e em- 
ployed. Many never use sizing of any kind, but mix 
»the plaster with urine instead of water, and tliis answers 
well. Alum mixed in the plaster makes it close and 
hard; some use this in the last coat of backing. A better 
way is to wiish the newly-finished back with a strong 
solution of alum water several times in succession ; cold 
water will not hold much alum in solution, but hot 
water will hold sufficient to make the plaster polish 
^_. almost like marble. 

^H It lit sometimes difficult to obtain the ordinary cal- 
^Bciiied gypsum of commerce, and as only a small quantity 
^HiH required for any of these operations, it mny be pre- 
^H^ared from the ordinary plaster of Paris used upon land. 
^^^To do this, place a small quantity in a clean dry kettle 
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upon the stove and boil it until it settles and Inys stilL 
The kettle must not be full, because it boils like soap, 
or sugar, and would be liable to run over ; it should be 
stirred occasionally until sufficiently cooked, when it 
will settle down and remain at rest. 

The stones referred to as so difficult to balance were 
built without any regard to balancing the different strata, 
or courses, of which the stone wns composed. Sometimes 
they were built on a solid plank platform of the size and 
shape of the stone, but a more popular way was to build 
them on edge, setting the face by a straight-edge, and the 
skirt by a sweep from the centre. This mode was found 
convenient in fitting, as the seam could be seen on both 
sides, or through from one side to the other : it was also 
convenient in cementing, as the weight of the block was 
a convenient help to press and retain it in place while 
the cement was hardening, and for this reason the stone 
was rolled around as the blocks were fitted on, to keep 
the vacant side always up. . 

The process of making burr stones, as has been 
intimated, has undergone a decided improvement, and 
is conducted on a more enlightened principle than for- 
merly. They are now made upon a true turned and 
adjusted cast-iron plate, this plate being itself balanced 
upon a pivot at the centre, like the running mill-stone. 
The blocks are first fitted upon this plate, and equipoised 
every way, and then each one of the strata of which the 
filling and back are composed, balanced as they are put 
on ; thus every different course is balanced by itself, and 
the whole stone fully adjusted before it leaves the stocks, 
and all the further balancing it may require when hung 
upon the bale will only be so much as the socket in the 
bale mijjht vary from that of the cast plate upon which 
it was built, or so much as the miller might take off one 
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MU^more tlmn another in dressing. And for the ad- 
justment of any little viiriafion from these causes, three 
or four small cast boxes are placed inside the hoop at 

«piftl distances, and having openings through the Iioop, 
hich are opened and closed by a ecrew. A little shot 
Dad) is introduced into these boxes to perfect the bal- 
ance, which c;in be altered or regulated at any time by 
removing a little of this shot from one of these boxes, 
Hb> another with a tea.ipoon. 

^v The process of hotting may now be considered, it 
^peing the last operation in manufacturing the grain into 
^Bour, and thut by which the different qualities of flour 
^Ue freparati'd from the bran and shorts. Within the 
past twenty-five years this has undergone greater im- 
provement than even the process of grinding. 

kThe bolt consists of a long reel covered with some 
ind of sieve, or bolliiig'cloth, the texture of wliich is 
ne next the head where the flour enters, but coarser 
towards the tail end, where the meshes are wide enough 
to pass the shorts through, leaving the bran to pass 
^Jjiroiigh the whole length and be discharged at the 
^Hffer end. The reel thus constructed forms a kind of 
^Kliader, which is hung and made to revolve horizontally 
^Qpon a bearing at each end ; that supporting the head 
where the flour enters being about six inches higher 
than the one ut the tail end where the bran escapes. It 
b this inclination of the reel which causes the contents to 
igress towards the tail end as it revolves, and by the 
piding and tumbling it undergoes during tins progres- 
lon, the flour is sifted through. The finer portions being 
( heaviest and consequently next to the cloth find 
fccir way through first, and fall near the head, while 
e ooanier fall next, and ns the particles remaining are 
, and lighter, they pass through further 
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further down until near the tail end they approach th<i 
grade and gravity of bran, and find their way through 
the coarse cloth as ^' canaille,"* or shorts. 

The oldest kind of bolt reel that we ever fitted up 
was covered with brass wire cloth ; it was made to re- 
volve pretty mpidly, and had another reel revolving 
slowly inside, the ribs of which were composed of brushes 
the whole length ; these brushes swept the flour through 
the wire cloth and kept the meshes open. The reel was 
ndt six square like the modem one, but circular, and 
composed of two corresponding halves, which could be 
put together over the brushes, or taken apart conveni- 
ently. It was about six feet long and about two in dia- 
meter, and was composed of rims or semicircles fastened 
about six inches apart around the inside of longitudi- 
nal ribs which held them in place, and left the inside 
free and clear upon which to nail the wire cloth, and also 
allowed the hair brushes to revolve inside. One of these 
wire cloth and brush bolts (we have forgotten the tech- 
nical name) would bolt for two or three run of stones. 

Another, called the *^ English" or '* Bag Bolt," was 
more extensively used than the wire cloth. The reel for 
this kind was about the same size as the other, but was 
made and operated on a very different principle. It 
was composed of six large round ribs placed lengthwise 
upon arms mortised through the shaft, like the modern 
reel, but the cloth was different, being both longer and 
wider than the reel, and woven throughout without a 
seam, of some kind of thread approaching silk in strength, 
but much coarser and firmer in texture ; it was said at 
that time to be composed of the inner bark of some kind 
of nettle, but we have met with nothing since either tcM 
confirm or confute that opinion. 

The coarse tail end of this bag without a bottom wa: 
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trimmed or bound wilh cliamois leather, and bad six 
loopp which were slipped on to the ends of the rihs wlien 
it was drawn over the reel; the head end was bound 
with this leather much wider, and a noose made around 
the edge ibr a strong cord to pass through, by which to 
draw it together, leaving only a hole large enough to 
feed the grist. Being larger than the reel, and the whole 
driven at a great velocity, the cloth bulged out con- 
siderably beyond the diameter of the reel, and a round 
Bmooth bar was placed nlong each side Against which 
projecting cloth rubbed ; this answered the same 

urpose as the brushes. 

^ The bolt chest in which both of these kinds were in- 
sed were nearly alike, and made high enough to admit 

f collecting and conducting the two kinds of flimr, and 

he shorts and bran by funnel-shaped spouts into sepa- 
rftte biigs. The grist did not generally pass directly 
from the stones to these boltM, but was elevated to an 
upper floor where it was spread and cooled, and after- 
■wards fihoved into another large hopper, from which it 
was fed into the boltj this feeding was always attended 
■with more or less trouble, from the tendency of the grist 
to pack and remain stationary. A peculiar kind of shoe 
■was used for this purpose, more like a bellows than an 
ordinary grain slioe, being mostly composed of leather, 
nnd resembling au ordinary shoe in shape. (This similar- 
ity in shape and material was no doubt the origin of tlie 
name now given to this article ) It hung loosely behind 
by the leather of which it was composed, and the point 
vhich conducted the grist inside of the bolt cloth rested 
Xipon the Mhafi, of the reel, which had iron strikers at- 
K-hed to shnke the shoe and encourage the discharge. 
1 shoe was large, and the velocity of the reel so great 

bat the strikers rattled and banged at such a rate 
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againfit the shoe that little else could be heard about the 
premises while the bolt was going. 

Another machine was made to revolve over the cell- 
ing floor with a draft towards the centre, that collected 
the grist into this hopper, and stirred the contents to 
help it to feed, thus dispensing with the services of the 
boy whose business it was to attend to that part of the 
operation. This circumstance gave the name of " Hop- 
per Boy" to a similar machine since used for cooling 
and collecting the bolted flour, in the modern packing 
machine. 

The English bolt, like the Brush bolt, was capable 
of bolting fast enough for several run of stones, and even 
then it did not require to run all the time that the stones 
were grinding. They are scarcely ever used at the pre- 
sent day in the United States, although a few of them 
may still be found in some of the British provinces. 

A first step toward the use of the present bolt and 
Dutch cloth was made by stretching the English bolt- 
ing cloth upon the long modern reel, and tacking it to 
the reel as at present. Instead of the English bolt cloth, 
a kind of smooth hard book muslin was frequently used ; 
to shake the flour through, and prevent it sticking to 
the cloth, a knocker was fixed upon the tail end journal, 
which raised and dropped that end of the reel, about an 
inch four times during each revolution; in addition to 
this, another knocker, and sometimes two were placed 
on top of the reel outside. This was a light piece of 
wood placed across the reel, the back end hinged upon 
a pin, leaving the front end free to move up and down; 
a piece of wood was fastened upon each of the six ribs 
of the reel under this striker to protect the bolt cloth, 
and as the reel revolved each of these pieces raised and 
dropped the striker as they passed under it ; this kept 
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' op a continual pounding upon the rlb.-i of the reel, ttt the 
Bame time that the dumper on the lower end kept raia- 
iiig and dropping that whole end, and between the two 
thcj maniLged to shake through the greater part of the 
flour. When sevenil of these were in operation at the 
same time, they made considerable nicket and noise. 
These prt'cautiuns, moreover, did not prevent the cloth 
from being gradually filled and clogged up with dust 
and beards, and other accumulations which prevented the 
flour from getting freely through, and hud occasionally 
to be reniovud. This cleansing of the bolt was attended 
with a good deal of trouble, especially in the muslin 
clothe, the texture of which wiia tender and the mealies 
easily displaced. The first resource wua generally to 
brush it carefully with a stiff hair brush; this removed 
anything loo^e, with the dry dust> but the beards stuck 
through the cloth, and the dust more or less pasted into 
it by Bweftting or moisture and could nut be removed by 
the brush, and it required considerable ingenuity to get 
rid of thene. 

One eflectual, but tedious method of removing the 
beanls was to shave the cloth all over with a razor ; this 
cut the beards close to the outside of the cloth, and by 
rubbing it over with the hand or a brush, the inner ends 
dropped through to the inside. When this was care- 
fully done by an expert hand, the cloth kept cleaner 
afterwai-ds, as it shaved off all projecting hairs or nap 
from the outside, and there was always more or less of 
this upon these cloths. Another expedient was to fix 

poft piece of chamois leather or India rubber in a 
litnhlc cushion or the palm of the hand, and sweep this 
Jextcrously over the cloth, bringing it across a piece ol 
nkin at each return stroke to remove the beards 
Ihering to it. These beards arc all toothed along the 
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edges, the teeth, or barbs rather, all lying in one direc- 
tion, like the barb of a fish-hook or spear. This arrange- 
ment of the barbs allows the beard to pass through 
anything freely with one particular end foremost, but 
never allows it to back up. We have seen many fowls 
killed by swallowing the beards of a new kind of wheat 
along with the grain ; these worked their way through 
the crop in every direction, many of them coming out 
through the skin and feathers at the breast ; it is this 
peculiarity that enables the chamois or rubber to catch 
the serrated edge of the beard and jerk it out through, 
and drop it again so readily by the back stcoke. 

Another plan for removing the beards was to sew a 
breadth of cotton cloth by the edge to a small rope, 
long enough to reach the whole length of the bolt ; this 
was hung up along side of the reel on the descending 
side, and in such a position, that it might drag lightly 
upon the bolt cloth as it revolved. 

This is the easiest plan, and the one most generally 
used at the present time. It is injurious to the bolt 
cloth if kept continually dragging upon it, and as an 
occasional sweeping is found to be sufficient, it is fixed 
so that it can be drawn up or let down at pleasure. 
When first let down after being long withdrawn^ the 
bolt should be run empty for a considerable time, and 
then carefully shaken down and swept out. From a 
want of this precaution we have seen many a good large 
grist spoiled. 

To remove the pasted flour from these cloths, spirit 
of wine or turpentine was used, applied to the pasted 
portions plentifully with a sponge, and when perfectly 
dry, as it would be in a few minutes if the spirit was 
pure, the part was switched smartly and lightly with a 
small switch until it was clean. There was no danger 
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of injuring the English or muelin cloth by tlie concen- 
Irnted spirit, but it must be sparingly and cRrefully 
npplied to the Dutch anker cloth, or it will dissolve 
and destroy the sizing which glazi'a the thresid, and 
fistens the ineslieB of these clolhs, and cmistitutes their 
Buperiority and the gre.it secret of their mannfiicture. 

The safest and best appticntion we have ever need is 
clean cold water, the only draw hack being the difficulty 
of its applicalion. We have in some extreme cases 
tnken the cloth off; this is the most effi'Ctual means of 
cleansing it, but it involves much time and trouble, and 
great care must be taken to keep it thoroughly stretched 
while drying, or it will be too small for the reel. The 
Dutch anker cloth being now almost exclusively used, 
nnd the silk threads composing it being glazed smooth, and 
temented at the crossings to preserve the raeehes intact. 
<they are neither liable to get very foul nor to be dis- 
lurhed by brushing, and all that is required to keep 
them in good working order is the orcnsioiuil use of the 
cloth sweep referred to, such wiishing as that referred 
to being only rendered necessary by an accident or ex- 
treme negligence. 

The case was very different when the other substi- 
tutes were used for bolting cloth, and the smutting and 
cleaning apparatus was equally defective; the clogging 
of tliQ bolt cloth was then a frequent occurrence, and 
this mnde the miller expert at cleiining it ; but millers, 
like other craftsmen, are reticent of the piirticular sleight 
of hand tht-y may acquire individually in such enier- 
gcncies, and do not make it public. We mention tliese 
things because we have seen modifications of all these 
devices offered as now discoveries, and certain sums of 
inonry demanded for the receipts and right to use them, 
by speculators who had got hold of the ideas by some 
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means, and sought to make money of them. But we 
have said enough on these introductory subjects, and 
will now proceed to give a description of the bolt as it is 
now made. 

The reel is from twelve to eighteen feet long, and from 
two and a half to three feet in diameter; the shaft from 
four to six inches in diameter, is made of some light 
stiff wood, either six sided or round, with iron journals 
in each end, and the ends banded with iron ; three or 
four sets of arms are mortised through this, one set near 
each end, and the other dividing the distance between 
these ; each set is not placed around on the same line 
like the spokes in a wheel, but a single mortise running 
through is only made at one place, and a piece the whole 
diameter of the reel run through this to the centre 
makes two arms ; another of the same kind on each side 
of this completes the set ; they are put through in this 
way to be strong and light, and to avoid weakening the 
shaft. The ends of these six rows of arms are tenoned, 
and ribs the same length as the shaft mortised on to 
them. An end composed of six pieces of half inch boards 
is put around the head end ; these are halved together 
at the ends for additional strength, and straight from 
rib to rib around the outside, but circled out round in 
the middle to admit the grist spout ; this is fastened 
upon the end of the ribs, and six other pieces about four 
inches wide are nailed around the outer edge of these, 
feach piece reaching from one rib to the next one, the 
ends being fitted and fastened to these. This makes a 
strong light corner on which to tack the head end of the 
bolt cloth ; the tail end requires only straight strips 
nailed on from rib to rib to fasten the cloth, and leave 
the inside clear for the bran to pass out. 

There are several ways to put the cloth on to the reel; 
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sometimes the cloth is split lengthways in strips a little 
UflrrowtT tliiin the distance between two rihs, a piece of 
etrong douhle cotton is sewed in between each of these 
,0 convsjjond with the ribs, and through which the tacks 
driven ; the last two edg'ca have a strip of the same 
sewed upon each, and along the edges of these a row of 
eyelet lace holes are wrought to hice it together. A 
piece of the same cotton is sewed around the hc;id end 
wide enough for the grist spout to discharge upon, and 
a narrow piece around the tail end. 

To pat it upon the Keel. 

Take the cloth and fold or roll it up to the middle, 
ginning at both ends; take this roll and fasten the 
end to a rib near the middle of the reel, and turn the 
reel round, keeping hold of the roll until the first end 
imea round within reach ; draw a lace through a couple 
fflf the eyelet holes about the middle of the cloth, and 
fasten the two ends of the roll together, and turn tliat 
Bplice side down. Now take hold of the head end of the 
cloth at the top of the reel, and draw it along to the 
head end and fasten it with a few tacks; stretch out the 
other end to the tail of the reel the same way, and fasten 
it slightly; now draw the edges together by the eyelets, 
[» loop here and there will answer, and begin at the cen- 
of the head end to fasten permanently around the 
end rim each way, drawing the laces near the end to 
bring the cloth to the proper tension before the tacks are 
driven. When the head is all securely nailed, send a 
miin to the tail end to draw the tacka holding that end, 
and have him pull upon the cloth at the centre rib while 
commence at the head upon that rib and rub hard 
ith the palm of the hand along the reel toward the tail 
repeating the rubbing and continuing the pulling 
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until all the wrinkles are out, and the cloth is tight 
enough ; then that spot may be fastened, and all the other 
ribs served the same way until that end is faistened all 
round like the other. The two sides may now be tightly 
laced and drawn together, to stretch it sufficiently the 
other way, and the whole nailed to every rib, the whole 
length, with six ounce tacks, three or four inches apart. 
The ribs should always be made of soft wood, because 
the spring of the unsupported portions between the arms 
is so great that it is difficult to drive the tacks into hard 
wood ; besides, it is almost impossible to get the tacks out 
of hard wood without tearing and injurmg the cloth, 
when it has to be taken off. 

This method of putting on the cloth requires the reel 
to be accurately made, and the measurements very cor- - 
rectly taken, and very carefully worked out upon the ^ 
cloth, in order to have it all come out right ; in fact it 
requires a good seamstress to sew all the different strips 
together without gathering or puckering, even when they 
are all cut out right, and a greenhorn would make bung- 
ling work of it. 

When a reliable hand was not to be had to prepare- 
the cloth in this way, we have frequently put it 
as follows : Take a tape or other line that will not:^' ^t 
stretch, and measure round the circumference of the reel,^: ^j 
and cut the cloth in lengths half an inch over the length^"^ 
of this line; have all these sewed together side and side^^-^ 
in the order, with respect to the number and quality of^ ^f 
cloth, in which they are to be placed upon the reel, auc^^^ ^ 
have a wide strip of cotton, as in the other plan, sevvec:^''^ 
on the head (fine) end, and a narrower piece on the tai-^^-'^ 
end. Place this upon the reel like the other, and tak' -:::^<? 
a large needle and good double thread and draw th^^^ 
edges together over the last rib, folding or rolling tl:^^^ 
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edges together and sewing "over and over" iis it is 

,Ued, uutil it is diiiwii eufficiently tight. StrL-lcli a 
of tnpe, or strip of double cotton along each rib and 
ariiund both ends, and nail thnmgh these, and the job will 
he finished. This is more easily done, nud will last fully 
M long, pi-obably longer, as the cloth always gives out 
lext the seam of the double clotli first, ou account of 
he accumulation of dust and worms, and other vormiu 
■rjiich iuvaiiably breed bcre. We used formerly to paste 
trips of cotton along all the ribs before we put the cloth 

I, but found these to be a damage, for the above rea- 

u. 

With respect to the selection of the numbers or quali- 
ies of cloth most suitable, the quality or pioportion of 
each kind.and the most proper distribution of these num- 
lers upon the reel, much diversity of opinion exists among 
nillwrights and millers. Some place very tine numbers 
lext the bead of the bolt, and coarser and still coarser 
I they approach (he tail end. Others will place three 
r fiiur medium Nos. (eight or nine) all together, and all 
like, reaching from the head as far down as the flour is 
;t to mix, or use, and then a No. seven and a No. five 
D sift out til e coarse flour, and a nnrrow strip of No. 
I to separate the shorts. Another plan is to pl.ice one 
pidtli or two of No. 8 next the head, and two or three 
ridths of Nil. 9 adjoining this and reaching as fur as 
he dour is til to mix, filling out the tail end like the 
rthers. 

In order to determine the best selection and arrange- 
lent of cloth for any particular case, we must consider 
le kind of Jiuur principally to be made, whether one or 
tore qualities, and also take into account the following 
rinciples and peculiarities in the process of bolting : — 

When the grist is run into the bolt it is a mixture of 
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particles of very different degrees of fineness, and these 
ure quite as different in their degrees of weight; 'this 
difference of weight is made to perform an important 
part in the separation of these particles, by gravity ; the 
difference in size completes the separation, mechanically, 
by the intervention of the different sized meshes of the 
bolt cloth. When the mixture falls upon the bolt cloth, 
the fine flour, being the heaviest, strikes it first, and the 
particles of coarser flour, shorts, and bran, being lighter 
and larger, strike on top of the flour, and as they slide 
round on the inside of the cloth as it revolves, the dif- 
ferent qualities maintain the same position with respect 
to each other, the finest being always next the cloth. 
Thus the finest of the flour will always sift through first, 
whatever the texture of the cloth may be, and the 
coarser, with specks of shorts and bran in it, cannot get 
through until the fine which intervenes between the 
cloth and it, is out of the way; but now the coarser 
flour and shorts falling and sliding in actual contact 
with the cloth, a grade of flour will pass through too 
coarse and full of specks to be mixed with the rest, un- 
less the cloth be very fine, and hence the propriety and 
policy of interposing a finer breadth of cloth at this point. 
We have sometimes added from one to two pounds to 
the average yield of good flour from a bushel, by taking 
out a breadth of cloth here, and introducing one a num- 
ber or two finer, and oftener made the necessary im- 
provement by exchanging the coarser number here for 
the finer one next the head. Interested parties are slow 
to comprehend this subject, and persist in placing the 
finest cloth where the finest flour will come, without 
testing the matter either by experience or philosophy. 

We may mention here another contingency with re- 
spect to bolts, although it might rather be mentioned in 
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oonnection with the machinery for driving them. It is 

this, the bolt macliinery should be so connected witli 

thwt driving the Htone, that when the etoiie is stopped 

the bolt will also be stopped, or if tlie stone has to grind 

ullier kinds of grain not requiring to be bolted, then some 

provision should be made for throwing the bolt out of 

gear. If this precaution be neglected, and the bolt run 

after the griwt is done feeding in, the contents will all 

be sifted through, and the remaining light Bluff, having 

no fliiur between it and the bolt cloth, will he pjirlly 

^^Ited through, covering the flour with specka and spoil- 

^Hptg ita ap|Jearance and quality. The same thing will 

^HeL-nr with the first entrance of the ne\t gi'ist run 

II Uirough it, a pant of the light stuff will drift along the 

naked cloth, in advance of the main stream, and pass 

through the cloth in specks like the other; this eniling 

oud bvglnuing will affect on on average lialf n bui^jjel of 

gi flour, and where it often occurs it becomes a Berious 

■■tem. ■ From these considerations, and a pretty exten- 

^Hive experience, we would recommend the distribution 

^Kf the cloth aa last indicated, for an ordinary custom 

^Bnill, to be modified of course by circumstances, such as 

^■Uie quantity to be bolted in a given time, the kind of 

irbeat or grain chiefly to be ground, &c. 

We might give as an example of a bolt for an ordinary 

run of stones, say eighteen feet long, one width of No. 

^k, three of No. 9, half a breadth of No. 7, half a breadth 

^Kjf Nu. 5, and half a width of sotnething co:ir.wr to let 

^^DtTuugb the shorts. This would bilt faster to put on 

^■Iru widths of No. 8 and two of No. 9; the quality will 

^Phiw be finer the faster it has to bolt, and of course the 

fiuur will be coarser the t-maller the quantity passing 

through it. The like alteration of coarser and finer can 

'oni the same bolt, by elevating or dtt>g 
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pressing the tail end, thus causing the contents to pass 
faster or more slowly through. The quantity of each 
kind of cloth is easily computed ; it will average three 
feet three and a half inches in width when sewed to- 
gether, and if the reel be thirty inches in diameter, it 
will take two and a half yards to go round it; if thirty- 
three inches, two and three-quarter yards; and if thirty- 
six inches, three yards. 

The bolt phould make from twenty-eight to thirty- 
three revolutions per minute, according to its diameter; 
but there is more damage done by running it too fast 
than too slow, because the centrifugal force prevents the 
contents from falling and sliding upon the cloth ; the 
proper motion allows the stuflf carried up by the ribs to 
fall down again about the centre of the bottom ; if much 
is thrown on to, or against the shaft, the motion is too 
rapid. The best method of gearing a bolt is to take 
the motion from the spindle of the stones connected with 
it; to do this, place an upright shaft at the head end of 
the bolt with a large and light belt wheel two and a half 
or three feet in diameter upon the lower end, place a 
small sheave to correspond with this upon the spindle; 
this is best done by turning a pulley the right size, 
marking the size of the spindle upon both ends, and 
also a seat for a narrow band upon each end, then split 
it into two pieces, and dig out the centre to the spindle 
marks, then put the two halves together on the spindle, 
and put on the two bands (previously fitted) one above 
and the other below the pulley, rivet the ends together 
upon the spindle, and drive them on to their places; 
place a bevel pinion on the upper end of this shaft, and 
another gearing into it upon the shaft that carries the 
elevators. Place a light spur wheel upon this shaft, and 
a corresponding one upon the journal of the bolt shaft; 
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ilieae two may be geared together, but it will give more 
room for the elevator spout, and bring the motion of the 
reel in a better direction, to interpose another wheel. 
The intermediate wheel may be made to slip endwise out 
of gear with both the others; or it may be permanently 
geared into the elevator wheel, and the end of the bolt 
shaft; with its wheel made to raise and lower, into, and 
out of gear. This is done by liinging the back end of 
the supporting bar on a pin, and raising or dntpping the 
other end by a liandle fixed for that purpose, slipping a 
key under, when it is up and in gear, and the same key 
over the bar when it is down. 

By this arrangement the same stones and elevators 
mny be used to grind Indian meal or feed, by having a 
crotched spout at the discharge of the elevators with a 
swing gate or trap valve to throw the grist either way, 
into the IjoU or the meal box. The bolt is fretjuently 
driven from the elevator shaft by a belt, hut this is more 
troublesome, and not eo reliable, besides the slight jar- 
ring of the cog gearing is an advantage, and tends to 
keep the cloth clean. The elevator shaft should turn 
faster than the bolt reel, otherwise the upper elevator 
pulley must be inconveniently large to give the cups the 
requisite speed; both pulleys should be a little larger 
than the space between the two interior sides of the 
cases, to clear the belt of the comers ; the bell should 
also be a little narrower than tlie cases, and the cups 
narrower than the belt. Au elevator should always, if 
possible, be driven by the upper pulley. 

The most common material used in making the cups 
is tin, this is the best for gruin, and in ordinary circum- 
stances for flour and meal also; but when damp gniin is 
ground rapidly, and elevated through a cold atmosphere, 
a steam is generated which condenses upon the cups 
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and causes the dust to adhere, forming a paste which 
accumulates and fills tliem up, and is a source of con- 
siderable annoyance ; in such a case le.'ither is preferable 
to tin. When well made of good leather, they answer 
the purpose well, but we have often seen them of such 
a make, and of such material, that they were a great 
nuisance. For such situations, the cups are frequently 
made of wood. To make these, take a strip of bass- 
wood, buttonwood, or poplar, two inches thick, and the 
width of the required cups; bevel oflf the comer some- 
thing like the shape of the ordinary cups, and saw it into 
lengths; a little under the breadth of the belt; hollow 
them out slightly above and behind in imitation of the 
tin cups, and fasten them by small nails screwed or 
driven through the belt. These are not liable to clog 
up nor catch in the cases, and may be placed on the 
belt close enough to make them carry as fast as re- 
quired. 

The bolt chest may next be considered. It incloses 
the bolting reel or cylinder, and confines and collects 
the flour as it t^ifts through the bolt cloth into the inte- 
rior of the chest, from whence it is shaken out into the 
flour through in front, by drawing up a range of slides. 
In this trough the flour arrives exactly in the same 
order that it passes through the cloth, the finest next 
the head, and the grade becoming gradually coarser as 
it approaches the tail end where the bran and shorts are 
discharged. This enables the miller and owner (cus- 
tomer) both to examine and select the most suitable 
l)oint to divide the flour, or determine how much coarse 
should be taken off* to suit the customer's taste and econ- 
omy. This is a great advantage in a custom mill, where 
almost every grist differs in some respect, and where 
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a diveraity of opinions is held by tLe different 
iirnere. 

k One is a poor man, or what amounts t<) the same 

lling here, a tight man, he wants every pound of flour 

■ixed in that is fit to use; the next one is not particu- 

r about (he quantity of fluur, but wants it of tlie very 

lest quality ; here the miller can suit both these cua- 

»mer8, and have their own judgment and sanction to 

back his own, which is a good recompense for the extra 

trouble of mixing and filling the flour by hand. To 

L^ihirk this labor, and have the flour mixed and filled 

^■nto the bugs by a conveyor, the miller must forego the 

^Ratisfaction of pleasing his customers, and suffer the 

1 positive annoyance of not being able to suit himself in- 

^tead of suiting his customer in many instances. This 

kfe more particularly felt in grinding small grists, when 
|e msiy examine the flour and set the slides differently, 
imd find out nbout the time the grist is done how lie 
might have done better, but instead of profiting by the 
discovery, he must now put in another grist of a dif- 
ferent quality, and for a different cu.stonier, and go over 
these manipulations again, probably with a similar 
»8ult. 
The screw conveyor bolt, in addition to this uncertainty 
I to the proper point to divide the flour, baa another 
l^jeclion, which is that it mixes two succeeding grists 
igclher, so that when the grists are small it i.-i impos- 
^ble to give a customer the product of his own grain, 
his would he of little conaeqoence if tlie gntin were 
llike, but when one is clean perfect wheat, and the other 
, mixture, of comparatively little value, then it la a 
injustice : because the man who has a small 
of good wheat ground after that of inferior quality, 
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gets inferior flour, while the next, with a small grist c 
poor stuff, perhaps will get his good flour. 

For this reason, the conveyor bolt, which mixes the' 
flour eo perfectly, and saves so much labor in filling 
when liirge grists of a similur quality are manufactured, 
should never be used for a custom mill, where small 
grists of different qualities are often ground. 

We are anxious to place tiiis (subject plainly before 
parties intending to build, for the reason tiiat a kind of 
mania for this kind of bolt passed througli some sections 
of the country many years ago. These have nearly, but 
not all, been superseded by or altered to the trough boUj; 
and in making these alterations we have had our fuIiV 
share of trouble. Tlie mania apiiears lately lo have 
broken out again in other sections, and we would re- 
commend parties interested to consider the peculiarities 
and contingencies, which are here briefly pointed out^ J 
before deciding which kind will answer their particular 
purpose best. 

The medium size and proportion for an ordinary 
trough bolt chest, is about eighteen feet long, three and 
a hiilf wide, and nine feet high, the bottom of the trough 
about two feet from the floor, and the upper commence- 
ment of the angle for the slides about two feet above 
the bottom of the trough ; tlie trough is about fourteen 
inches wide at the bottom, and twelve deep, the front 
flaring out three inches further at the top than the bot- 
tom, Tlie front is sometiraes made of panel work of 
two inch plank filled out with inch boards; a more 
common, and probably the best way, being to make the 
framework of scantling, the front and ends boarded on 
the outside, and the b:ick on the inside of these frames. 
The slanting portion which gathers the flour forward to 
the trough should commence pretty high on tlie back. 
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icrminatfj on n, perpend iuular rite of three or fuur 
inches nt the back eide of the trough. This is necessary 
t<> got tlie incline steep enough to cauae the tluur to run 
freely clown into the trougii, and the perpendicuhvr rise 
at tlic hack is an advantage in mixing and ehovelling 
out (lie flour. 

It would be difficult to describe the exact form and 
Construction of the framework of the chest, but it is not 
requisite, it being generally understood by practical work- 
men. A range of d(.K)r3 should be made along the front, 
opposite the reel, and corresponding with the flour slides 
liclow. These are required to get at the reel, and should 
be large enough to allow a person to work with freedom, 
light neat covering for tliem is a frame made like a pic- 
;re frame, and covered on the inside with pink or fancy 
ilored cambric, which sliould be hung by hinges at the 
j)per edgv, or otherwise fastened by a neut hucy button 
I each end. Such doors are preferable to any that can 
e made of wood, because they tend to cool the flour by 
be ventilation they induce, and at the same time t'uffi- 
iently confine the dust. The top of the bolt chest 
hould project over the front a little further than the 
rough, otherwise the wornifl, insects, and mice working 
ipon the top will push over dust and dirt into the flour 
r empty trough. This projection may be carried round 
he ends, and a tasteful moulding put around it like a 
ornice, costs but little and improves the appearance. 

Another very necessary appendage of the bolt cliest, 
nd one that is often neglected, is the "Speck box." 
JlThen the grist enters through the end of the reel, it is 
irried up by the revolving ribs continually, and falls 
bwn again past the opening in the end, and a [xirtion 
the fine light stiiflT dusts out through tlie opening, 
mong this dust there are always thin light flukes of 
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bran and shorts, which show themselves among the flour 
by the contrast of color. The ordinary method of board- 
ing up the end of the bolt chest on the outside of the 
frame, gives a good chance to make a little box or divi- 
sion to intercept these, by boarding up on the inside of 
the end frame, and rounding out and fitting the upper 
edge to the circle of the reel. This speck box must have 
an outlet at the lower point, outside, and a small spout 
to convey the contents down into the lower or back side 
of the elevators. Although the utility of this speck box 
is so obvious, and its construction so simple, many first- 
class millwrights neglect to put it into custom mills, 
and leave these drift specks to mix with the flour. 

Before leaving this subject, we might mention a few 
of the accidents by which the bolt cloth is most liable 
to be damaged or destroyed, as it is a very fragile fabric, 
as well as very expensive, and should be very carefully 
protected. The most common accident to which it is 
subjected is by some heavy sharp instrument, such as a 
chisel or file, being dropped into the spout, elevators, or 
on to the running stone, and carried through the bolt. 
We once saw a bolt cloth badly cut by a sharp-pointed 
jack-knife which the miller dropped upon the stone ; he 
supposed that it lodged between the stone and curb, and 
did not stop the mill until he discovered by the bran 
among the flour, that it had passed through the bolt and 
cut a number of small holes in it. In {mother instance 
a small newly ground mill-pick passed through and 
mangled the cloth badly; many of the blemishes which 
this caused were so small that they escaped detection 
for some time, and after frequent examinations. 

We have seen several bolt cloths pasted and totally 
clogged up, by standing idle and partly open in cold 
weather, and having a door or hatchway communicating 
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ith the water eprny cnrelessly left open; the steum or 
^mpnees in the atmosphere condensed upon tlie cloth, 
email needles, tangled togetlier and forming n. kind of 
it rhime. This could all have been absorbed and re- 
ed b^ circulating cool dry air through the bolt and 
•Iment, leaving the cloth unharmed. But the injury 
done by not knowing, or not minding this, and thaw- 
it out suddenly so that tbe moisture completely 
iturated the cloth; the dust adhering to it rendering 
;e whole as impervious aa pasteboard. These were the 
ts referred to, where the clotb had to be tnken off 
[be reel and washed out with cold water. Only one 
Mse ever occurred to our knowledge of a boltclo(h being 
iestroyed by fire ; that wua at the time when muslin van 
faed for bolt cloth, and is not likely to occur with Dutch 
sloth, which burns like woollen or feathers. The cir- 
pimstance referred to took place witli a brother of ours. 
We were attending a milt for our father, and being only 
oys we hiid to aasist each night alternately ; my brother 
ras grinding a grist of very dry buckwbeat, and running 
; through a muslin holt kept for coarse grain; some black 
iiecks in the flour showed a defect in the cloth, and he 
lened one of the doors to ascertain the cause, while the 
>]t waa Btill in motion ; as he raised the candle or lamp 
ip near the cloth the dust took fire like a flash of pow- 
ir or gaa, and both dust and bolt vanished in an instant, 
a cloud of emoke, leaving not a vestige of the cloth, 
id only the naked skeleton of the reel. 
We hiive never seen or heard of a similar accident 
ince. But anything that has once occurred may occur 
p,in under eimilar circumstances, and for that reason 
tany be worth recording. 

Another Important apparatus in the grist-mill is that 
led for cleaning and scouring the grain preparatory to 
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the grinding. There is an almost endless variety of 
these machines, constructed on many different princi- 
ples, and known under the general name of smut ma- 
chines and separators. Many of these are patentcl, 
and some are very excellent machines, leaving little 
more to be desired in the way of improvement, and in a 
mensnre relieving the millwright of another important 
branch of the business which formerly devolved upon 
him ; for the making of these machines is also a separate 
branch of the business, carried on in distinct factories. 

For this reason it will not be necessary to give a de- 
tailed description of the origin of these, nor to trace them 
through the various modifications they have undergone 
within the last forty years in their progress towards their 
present degree of perfection. We have within that 
period made not less than ten or twelve different kinds 
of smutters, some of them running horizontally, but 
more vertically, and have seen at least tien times as many 
varieties made by other parties. A detailed description 
of the most important of these might be interesting to 
some readers, but as they are mostly superseded and out 
of use, we will not attempt to rescue them from oblivion, 
as the benefit could hardly be sufficient to repay the 
time and space thus occupied. 

We will, therefore, only briefly describe the process 
undergone by the grain for its purification, and the prin- 
ciple upon which these machines are constructed. The 
first operation is that of screening. To effect this, the 
grain is passed through a coarse screen, ^he openings of 
which are only large enough to admit the passage of the 
grain, and exclude everything else larger, which must — 
pass over instead of ilirougk^ and is thus separated. It^ 
is next passed over a finer screen, the openings of whicl^^ 
will not admit a kernel of grain, which ha^ therefore to 
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asa 0%'er it, while everything smaller tliaii tlie gram, 
rop9 through nrid is alao separated ; by this part of the 
iprocei^ everything larger and smaller than the particles 
■of gmin is sepiirated. But the "smut" proper is the 
Banie size and feliiipe as the gmin, and cannot be screened 
l©ut, and therefore the principal business of the smut 
imnchine is to demolish and separate these '■ balls" or ker- 
nels of smut. These are covered by a husk or bull, 
Minilar to the grain, but the inside is filled with a soft 
iblai-k pjwiler resembling snuff, and it is the softness and 
friability of the interior of these balls that is taken ad- 
ffantiige of to effect their sepiiration from the grain. 

The macliine consists of a cylinder which is made to 
tevolve inside of a stationary case ; the grain is admitted 
Snto the space between these at one end (the top), and 
works its way through to the other end where it is dis- 
charged. Both case and cylinder are furnished with 
Angles for the grain to strike against, and the velocity 
4nust be BufBcient to break the balls of smut against 
^ese angles, but not sufficient to break the grain, which 
would thus be wasted ; the breaking of lhe»e balls libe. 
Tatea the smut, which must be instantly separated by a 
^last of wind, or otherwise it will be daubed on, and ad- 
lere to the grain, from which it can only be removed 
hy a mixture with lime or other siraihir absorbent; and 
on the speed and perfection with which this separation 
is effected, the main difference of the various machines 
depends. 

A scruffy outside portion of the bran, particularly at 
he blow end of the grain, is also detiic!ied by the bat- 
lering which it undergoes, and this, together with tlie 
irokea and imperfect gniins, passes off in tlie bla.st of 
Find with the smut. Hence another criterion by which 
B decide the relative merits of the various machines, is 



344 GRIST-MILLS. 

the degree of perfection with which they Reparate and 
save the useful portions carried out by this blast, and 
confine and dispose of the smut and useless matters 
which when blown about the mill are a great nui- 
sance. 

It is impracticable to describe all the good smut-mills 
which are for sale, and to single out one or two would 
subject us to a charge of partiality which we do not 
care to incur, particularly as this branch of the business 
is in a manner removed from our particular province, 
and is established as a separate branch of manufacture. 
We prefer therefore to leave parties to make their own 
selection, having stated the principle upon which they 
work, and indicated the essential points to be regarded 
in comparing and choosing. All that is necessary will 
be to get a pamphlet with descriptions of good machines, 
etc , which will enable each inventor to show up the 
peculiar merits of his own machine. 

The screen is not so easily disposed of; it has not 
been improved like the machine itself, and several that 
were sent along with some of the best and most expen- 
sive machines that we ever set up were not used at all ; 
nor would they have been used by any good millwright 
forty years ago. These were shaking screens to be 
driven by a crank ; they were three feet long and one 
foot in width, the upper (coarse) one of zinc punched, 
the lower one of wire cloth. The material and make of 
these were well enough except that the upper one was 
too coarse to do any good, and the lower one so small, 
that one grist mixed with small seeds or shrunken grain, 
passing over it would fill every mesh in the wire, and 
after that the grain might as well be screened over a 
board. Had these contained thirty-six superficial feet 
each, instead of three, then the upper one could be 
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punched fine enough to screen everything out that wns 
larger than the grain, and yet ntlow the grain to puss 
through fiist enough, and the lower one would not get 
jStogelher choked up until the miller would get time to 
Vush it out, by rubbing the under side with an old 

•om or piece of wood. 
■ The shaking screen is much more liable to clog up in 
bis way than the rolling one, and for that reason it 
Bhould always be placed bo as to admit of being conve- 
niently brushed out. Zinc or tin evenly punched, with- 
^^ut burr or bulging, is the best material, particularly for 
Hfiie upper coftrse screen. This, with a proper motion 
^Bnd declivity, enables miils, sticks, or straws, or even 
oats, to sail along and pass over, which would drop end- 
wise through the same size of holes in a rolling or re- 
folvlng screen. There are many ways of hanging these, 
Bt the simplest and best is to hang them on tlie top 
P four wooden springs. These should be made with a 
I true tnper the whole length, the butt (thick) end mor- 
tised into sometliing substantial on the floor, and the 
^jcreen poised upon the thin ends above. This may be 
^Hriven easily and steadily by a single crank attached to 
HR by a connecting rod (pitman), while many of the 
other modes require a double crank, that is, a crank on 
both ends of the same shaft, and two connecting rods to 

insure a steady motion. Sheets of zinc or tin can be 

ought already punched by machinery, or if not, they 
lay be punched by hand, with a steel punch upun a 
U"ge cake of lead, or upon the end of a large block of 
^ard wood. The wood must be cut oCT occasionally when 
\ gets indented too much by the punch, and the lead 
bust be hammered smooth. 
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Merchant, or Manufacturing Bolts. 

Although the principle by which the Merchant bolt 
separates the different grades of flour from the bran and 
other offal is the same as that by which the little cus- 
tom mill bolt effects the same purpose, yet the con- 
struction and details of the one differ greatly from the 
other. The constant and rapid rate at which the first- 
named works, and the perfection with which it is required 
that each ingredient must be separated, and conveni- 
ently disposed of, make it necessary to employ an ex- 
tensive combination of complicated machinery, quite 
different from the simple single reel and chest which suf- 
fice in a custom mill. 

The vast competition in milling makes it necessary 
that the machinery by which the flour is made be such 
as will yield the greatest quantity of the best quality 
of flour from the wheat, and that in the shortest time 
and with the least expense in the operation. 

Recently a great many improvements have been pro- 
posed and tried in bolting; some of them are patented, 
but most are improvements only under certain circum- 
stances, while some are worthless. One mill man will 
approve of one of these, that another of equal experience 
will condemn. This is owing to the different conditions 
of the mill in which they are tried ; one patent is for 
inside knockers on a bolt reel : small iron weights to 
slide on iron rods, fastened one end in the shaft and the 
other end in the rib; as the reels revolve, the weights 
slide down the rod from the shaft and strike the rib in- 
side, jarring the flour through the cloth; this is of use 
where there is too little bolting capacity, and it fails to 
clean the offal. Perhaps the miller in one establishment • 
has allowed the stones to get smooth, the agent putting 
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ID the improvement will see thiit tiiey are well dressed 
and balanced, and will then start the mill with plenty 
uf bohiug room ; while another miller, liaving plenty of 
bolting capacity, and the stones in goud order, might 
apply ihuee knockers, and they would spoil the flour, by 
jarring through the 8[xrck8. 

Where a niiU has too much bolting surface and makes 

^the flour specky, it may be cured by putting the cloth 

^Hn the inside of one rib, and the outside of another, so 

^Hbat the flour will slip over each alternate rib without 

I^Tieing lifted; the flour will be cteiiner, but it will not 

bolt so fast. Sometimes the cloth is put around inside 

of all the ribs; of course this doubles the effect of the 

other plan in the same direction. 

The process of bolting seems to admit of more varia- 
tion than any other branch of milling; the speed, fur 
iui«taiice, may be varied from eighteen or twenty revolu- 
tions per minute, to thirty-four or thirty-six revolutions, 
rilhout apparently making much difference in the work. 
Hose observation might detect an error in such wide 
^nations, and they would be inadniisi-ible in merchant 
bits where the loud and quantity ground are kept almost 
instantly the same. It is believed by many goud nnl- 
fers that the merchant bolt hiis not been brought to the 
perfection it might be, and that some ingenious mill 
man will yet perfect it and make a fortune by it ; our 
opinion is, that he who attempts it had better try to 
devise some entirely new system, a.s there is a danger of 
the old getting too complicated if it be much further 
improved. 

The object to be kept in view in constructing these 
K)lta, is to make a complete separation of the meal at 
me operation, dusting the middlings at the same time. 
U'ter middlings are separated from the flour and bran, 
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a good deal of fine flour, which ought not to be ground 
over, can be sifted out bj^ passing over fine cloth ; the 
same is the case with the bran. This fine dust cannot 
be separated so easily while the bran and shorts are 
together, because a portion of the dust as it is detached 
from the middlings adheres to the bran, and it would 
have to pass over a great amount of cloth in that situa- 
tion to separate it ; this holds good with middlings and 
flour, and the sooner they are partially separated, the 
better. Separating the bran before bolting has been 
tried ; we have had no experience with this plan, but 
think it will eventually be adopted to a certain extent. 

In every merchant mill, some kind of apparatus must 
be made to intervene between the grinding and bolting, 
to cool the meal. There are some extra millers and 
millwrights who say that the best way to cool the flour 
that can ever be devised, is not to heat it; that is im- 
practicable, if not impossible, and we mus^t either select 
one of the several ways now in use, or else provide a 
better. Many of the large merchant mills still use the 
old-fashioned cooler, similar to that previously described 
in the chapter on grist-mills, the only alterations we 
notice being unimportant, as the cams for shaking the 
feeding shoe, and sometimes a new-fashioned rotary 
device for that purpose. The cooler answers as a reser- 
voir for the meal, when the miller does not grind as fast 
as he wishes to bolt, which is often the case. Some use 
lines of open conveyors for coolers ; the principle is as 
good, or perhaps better, than the old way, but lacks tie 
reservoir, which might be provided with a proper garner 
above the bolts. 

A better plan is, a blast of air, similar to the fan ele- 
vator, only do not attempt to raise the flour through 
three or four stories, and perhaps blow it as far horizuu- 
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tully, Ijut raise it up through ime etiiry hy the blower, 
and curry it tlie remainder of the Jistnnce hy elevators. 
Tbia will allow the fiin to run at n. motierate speed, nnd 
cool the menl periei'tly, bejiides drying it, which is also 
very necesfaiy, especiully at the West, where grain is 
not housed before threshing, and often indifferently 
boused afterwurds; the con.sequeiice is that the flour, if 
barrelled immediately and shipped, is liable to sour, 

Tliis drying process helps to whiten the flour, and 
passing thi'ough the fan at a very rapid motion, scours 
^_Uie bran j the only objection is, that in cold weather the 
^■team condenses on the inside of the tin pipe and clogs 
^Bt up; this Ciin be prevented by covering the pipe with 
1 ^Bome non-conducting material. Some provision should 
ttlways be made for regulating a cooler to the amount 
required, as too much stirring and cooling in very dry or 
cpld weather make the meal bolt too freely, and the flour 
Bpecky ; this can be tempered in the fan cooler by taking 
the air at times from the curb, or from the outside at- 
mosphere. In concluding these remarks, -we may sny 
that the principle of the fan cooler is good, but the de- 
tails must be carefully managed ; and finally we would 
ftdvise the avoidance of heating as much as possible, by 
keeping the stones sharp, true in face, and well hung, 
for no matter how the flour is stirred and cooled, if it is 
liot properly gruund it will not bolt well. 
^L We may here mention a simple and useful device for 
^^pnying the steam and dust away from the curbs and 
^^bnveyor in front of the stones, by which means tlje 
mill upartmenl and everything it contains are easily kept 
clean. A suction fan is placed in the upper part of the 
building, with a pipe leading from it to the top of the 
Dinveyor in front of the stunus; this pipe passes perpen- 
4iculai'1y from the conveyor through the floor above, 
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where it is discharged into an air-tight room; another 
pipe is taken from another part of this room to another 
similar room, and from thence to the fan, and thence 
out through the building where it discharges. The nii^ 
tight rooms retain and deposit all the dust and flour 
that are carried from the conveyor. This arrangement 
also tends to modify the heat generated by the friction 
and pressure of grinding, as it increases the circulation 
of air within the curb and around the stones, and this, 
with its cleanliness, will insure its general use in well 
finished mills. 

There are several variations in the structure of these 
bolts, some having whole chests containing five or six 
reels, arranged and so connected that each performs its 
part in unison with the others, and the process is com- 
pleted at a single operation. In others the reels are di- 
vided into half chests, or otherwise, the operation being 
divided in like proportion. A five reel full chest is fre- 
quently made with four reels, thirty inches in diameter, 
and twenty feet long, the two upper reels covered with 
No. 10** cloth, the entire length; the next two with No. 
12** cloth, the entire length; the middlings and bran 
falling together from the tail of these last reels, into a 
separating reel and duster. This last is forty-four inches 
in diameter, the head covered with No. 10 cloth, and 
the tail end, where the middlings are separated from the 
bran, with No. 5. 

We give the plan of a six-reel whole chest merchant 
bolt; it is similar in most respects to that just cx)m- 
pleted in the River Street mill, Milwaukee, Wis., by 
Henry Smith, Jr. The reels are forty-four inches in 
diameter, and twenty feet long, and being all in one 
chest, make it very high, and it extends up into the 
next story of the mill ; the two upper reels are used as 
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LJUr reels, taking nearly the entire length, covered with 
. 10 nnd II cloth. It will be seen by the drnwings 
hat what falls over the tail end of the upper reels drops 
Bto the return reels directly under the others; two- 
birds of these (ire covered with fine cloth, the btilance 
rith No. 5, which separates the middlings from the bran. 
The mirldlinga arc carried to the tail end of the return 
Is, both joined in one spout, and thrown into one of 
be two remaining reels, called the middlings dusting 

lel, which is covered with very fine cloth ; the hran falls 
r the tail end of the centre or return reels into one 

out. and ia carried into the remaining reel, which is 
Bso covered with very fine clutli, and ia called the bran 
lupting reel, this makes the full complement of six reels, 
Tlie return business is so managed that all the stuff 
oming through the return reels proper, and what is 
lasted in the remaining two reels, ia carried to one spout 

n the bolt floor, disrharged thence into the conveyor 

I front of the stones, and carried back into the cooler. 
rhiB arrangement is capable of working over five him- 
\kA barrels per day, and is the handiest merchant bolt 
hat we have seen. 

The greatest trouble in all large mills appears to be 
be Working up of middlings. In good milling times 

wnera can afford to make one first-class grade of flour 
►y grinding high and taking only tlie he:id of the bolt«, 
ind then making two or three other grades of flour out 

■ the middlings; but when flour is cheap, and there is 
Utle demand for inferior flour (or in fact at any time), 
be object ia to get all the first quality flour out of the 
rheat without injuring its color. 

The following arrungement is the best we could devise 
iir this purpose : Presuming a mill has seven run of 
tones, five for wheat and two for middlings, it would 
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require one full chest of bolts similar to Smith's plan for 
the wheat stones, and a half chest of bolts for each of 
the middling runs, and three coolers. One run of mid- 
dling stones should grind up the middlings as they come 
from the first bolts, just fast enough to keep up, and no 
more ; these would yield a grade of flour clear enough 
to mix with the first flour without rebolting. There 
would still be another grade of middlings left, and 
another run of stones and half chest of bolts left ta work 
these up. 

A separate grade of flour may be made out of these 
last middlings, or it may be run into the first and keep 
a XX grade up, by bolting in this half chest and run- 
ning the flour back into the cooler, and rebolting with 
the meal from the wheat stones. Thus the whole can 
be run into one grade and still ground high enough not 
to injure the color of the flour. 

The attempts made to grind close and soft enough 
the first time, bolt close, and only grind the middlings 
once, and clean them, running them all into one grade, 
liave generally failed, and cannot be relied upon, being 
successful only when all the circumstances are favorable. 

We intended to insert a plan and description of a half 
chest bolt, which answers well in mills doing both mer- 
chant and custom work, and Also some further informa- 
tion on cooling and packing machinery ; but millwrights 
superintending the erection of such mills are generally 
quite competent, and frequently have their favorite sys- 
tems — to such, this chapter will be of little value, and 
will be more useful to young men, and those of limited 
experience ; for these reasons we will add no more here. 
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CHAPTER XVII. 



THK OATMKAL MILL. 



r The process of manufacturing oatmeal is but little 
Bown or practised in these United States, altliou<:h it !« 
ffirried on to Bome extent in the adjoining Dominion of 
Canada. The first essential part of the opemtion is to 
divest the grain of its outside Lull, iind clean the kernel 
of the utratum of dusty down in which it is enveloped. 
When this is accomplished, it is ground and eifled like 
Indian meal, only much faster and with less power. 

The first preparation requisite, ia to expel the mois- 
ture from the grain, until the kernel ia hard, aiid the 
hull BtifT and rigid. In this condition the hulls are 
i.'a.«ily knocked off in passing through the shelling stones, 
and the down referred to, is displaced and reduced to 
dust hy the attrition undergone during the operation. 
As this mixed mess leaves the shelling stones it is passed 
over a shaking screen of fine wire, that separates the 
dust and any small pieces that may be broken from the 
grain ; it then passes through a winnowing machine, 
similar to nn ordinary fanning mill, which blows out the 
hulls, and delivers the grain clean and ready to grind 
into meal. 

Although the grinding of oatmeal requires le^is power 
than Indian or oilier meal, it also requires m'ire atten- 
tion and care. As it is dried and divested of its covei- 
i;ig, it 19 easily ground to powder, but for excellence 
fid long keeping it requires to be ground coarse and 

2a 
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round ; and for these reasons the best oatmeal is ground 
either in shelling stones, or in stones dressed and hung 
similarly to them. That is, the stones are dressed as 
sharp as possible, with a little hosoniy but otherwise 
true and equal on the face, without any furrows, and 
hung upon a stiff ryne instead of a balance. 

When ground, the meal is sifted through several sieves 
of sheet metal, punched with round holes. These are 
placed one above another, in the same frame, which is 
hung by four slings from above, and a rotary swing given 
to it by a sKort stroke crank, the axis of which is per- 
pendicular and above the centre of the sieves. 

The Kiln, 

The kiln is the most important and expensive appa- 
ratus required in the process of manufacturing oatmeal. 
It is built of stone or brick, from sixteen to twenty-four 
feet square, and about twelve feet high, without any 
other opening than the furnace door, which is generally 
walled back in a recess about six feet toward the centre. 
Here the furnace proper commences and runs back to the 
centre, where it is extended up and spread out into a 
lantern. This lantern, like the furnace, is built of brick, 
and provided with small flues, which scatter and distri- 
bute the heat equally thn)ughout the interior. The 
beams and joisting to 8ui)port the floor are of bar iron, 
supported at intervals on iron posts, and the floor is 
either composed of large square tiles or sheet iron, in 
old kilns, or cast-iron plates in the more modem. Of 
whatever material the floor is composed, it must be 
thickly perforated with funnel-shaped holes, the wide end 
down, to allow the heat and smoke to pass up and pre- 
vent the oats and dust from passing through or choking 
the holes. 
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Tne walls are generally built about three feet above 
the kHn bend or floor, and a pavilion roof, like a hopper 
reverwd, covers tlie whole, from these walls to near the 
centre, where an opening about four feet Bqimre la left 
for ventihition ; this ventilutor is roofed over some dis- 
tance ubove, and its four sides are inclosed with lattice- 
work to exclude the rain and snow. A small ventilator 
should also he made over the centre of each wall (the 
door answering for one), the other three should be pro- 
vided with a shutter hung by a horizontnl axis through 
the centre; these will be shut or opened by the kilu- 
mnn to admit air and light, according to the direction 
of the wind. 

In Canada, these kilns are generally heated by fires 
of wood, but some of the best miller.'^ have introduced 
the old country system of drying with the shelling seeds, 
or hulls of the oats. These being previously kiln-dried, 
produce little smoke, and no steam, which is a great 
nuisance when drying with wood. The objection to this 
plan is that it requires the con^itant attendiince of a 
person to scatter in the seeds, and stir up the fire, but 
merican ingenuity would poor obviate this objection 
^by delivering this fuel through a tube, hy a blast of air 
or otherwise, and thus save the expense of fire wood, and 
Bt the same time use up the oat hulls, whicli, when al- 
lowed to accumulate, soon become a great annoyance.* 

Process of Drying. 

Wheti the kiln head is hot enough to hiss when water 

B sprinkled upon it {most kiln-men spit upon it for this 

hteet) the oats are spread on to the depth of five or six 

• Under a proper and econoraicnl sTsiera of agrieoUure, these, if 
It ned for fuel, sliould go on to iha compost beap to form manure, 
Iretorn la the soil Ha constitueots. 



356 THE OATMEAL MILL. 

inches, making from fifty to two hundred bushels, n jtoid- 
ing to the size of the kiln, and the depth of the batch ; 
the fire is kept up, and the moisture expelled from the 
oats next to the iron, condenses in the upper and colder 
stratum ; this is called stceatingy and after it has advanced 
considerably, the kiln-man, to expedite the process and 
equalize the heat, turns the whole batch over by tossing 
it up, a little at each flirt of his wooden shovel. Each 
batch is turned in this way several times, which helps to 
dissipate the moisture and prevent the lower strata from 
being scorched. 

When suflSciently dried, which is soon learned by 
practice, the batch is removed and immediately replaced 
by another. The time varies according to circumstances, 
three batches per working day being about the average; 
the oats require time to cool before they are fit to shell. 

The stones best adapted for shelling are a coarse, free, 
and moderately soft sandstone, those from the Newcas- 
tle quarries, in England, having the best reputation ; 
although there is no doubt that stones of an equally 
good quality may be found in this country, while all 
that we have thus far seen from American quarries are 
too hari, and have a tendency to glaze. 

Dressing and Hanging the Stones. 

The stones used for bhelling are about the same dia- 
meter as the ordinary burr mill-stones, but not so thick 
and heavy, as either shelling or grinding requires but 
little pressure, and any weight beyond that required for 
strength and safety is an incumbrance. The bed-stone 
is faced perfectly true, but the runner has a space or 
bosom at the eye, of about three-sixteenths of an inch 
running out to nothing at about two-thirds of its diame- 
ter, the outer third being ground true upon, and agreeing 
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^ftith, the face of the bed-stone. Botli are picked rough 

^Kth fihiirp, square-pointed pifks, but liave no furrows. 

^Khe bcd-slone is laid like a flouring stone, but the runner 

is placed upon a stiff ryne, with three, or sometimes four 

horns, the ryne keyed tight upon the spindle, and the 

^^rns let into open giiins cut in the stone. (See Fig. 40.) 

^B The stone and spindle must he carefully adjusted to 

Hthe face of the bed-stone as follows: Turn the stone 

r^round slowly, and lower and move the spindle by the 

step under it until the lowest edj^e of the running stone 

Ltouclies the hed-stone equally all round ; then the spiii- 

^ble is tr.'ira or true with the bed-stone, and the runner 

^Kust be set perfectly true with both of these. To ac- 

l^complish this conveniently, the runner should be drilled 

through over each horn of tlie ryne, and a screw bolt 

witli a square head passed down through these holes, 

• nuts being fitted and fastened with lead in the stone 

loveeach horn, and the round point of each bolt resting 

1 these horns. Raise the runner one-fourth of an inch 

idear of the bed-stone, and hold a thin piece of wood 

on the bed-stone between, then have the runner turned 

slowly round and mark the lowest or closest pliice, tighten 

the screw holt over the horn next the low side, or slacken 

the opposite ones with a wrench, and turn and try, and 

shift again until the stone scrubs the stick equally all 

I round, and it will he ready to run. 

^L If no screws are put in to adjust the stone in this way, 
^Bt is much more difficult to hang, as the low edge of the 
^Btone must be pried up, and pieces of tin or sheet iron, 
^■md lastly, slips of paper inserted between it and the 
Hrync to bring it true. 

~ In the process of shelling, the stones must be the leiiylh 

fl/a hernel of outs a}xirt. The hulls are knocked oil' as 

^_^e grain is canted over endways between the stones, 
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in its whirling progress from the eye towarii the sldi 
the stones having no furrows to assist the outw 
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A.sltp; S, toe; (7, spiodle; ^.collar; £, stiff ryne. 



drought of the oata, they are impelled through by th 
centrifugal friction of the runner only, at the snme til 
being retarded by tlie quiescent bed-stone, and e» 
kernel further interrupted by those in advance of itu 
those tumbling over it fioin the rear. Thiit tliia is tl 
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hecessary condition of their progreaa through the atones, 
In the act of shelling, is proved by the fact that the 
iholling cannot be effected with an ordinary grinding 
feed, but the feed must be increased until the confused 
jiiterni|)tion indiraled takes place, when every kernel 
lins to turn one or more somersaulta before it makes its 
exit, and tlitiB the hulls are split off. 

Many good millers run the oats through the shelling 
Btonea twice; the first time the stonea are set high, the 
second time a little lower. By thia means the oats are 
Blielled ck'aner, with less broken grains and waste. The 
duster and fun fur blowing out the hulls are simple af- 
fjiirs, which may be made to answer the situation and 
circumstances, and are already sufficiently described. 

It has been stated that the beat oatmeal ia generally 
ground in the shelling stones, or in atones dressed and 
hung in a fiiniilar manner ; but if we were fitting up an 
oatmeal mill for our own use, our present experience 
would make us change the old practice slightly, for the 
ibllowing reiiaon : The shelling ia best performed when 
the face of the stones are as sharp and rough as possible, 
the friction upon and commotion among the grains as 
described above being thus increased ; but for grinding, 
t smoother and finer face answers better, and it ini- 
)roves the shelling stone face for grinding, to run them 
ilightly together, and thus face down the sharpest points 
before commencing to grind meal ; and further, the 
meal is not benefited, like the shelling, by being re- 
larded in Its passage through the stones, but injured, 
3 a greater proportion is reduced lo flour, and for this 
"CRson the draught should be assisted by leading furrows. 
We said the dried and shelled oats were easily ground ; 
f course then the grinding is performed with little sur- 
r&ce of stone, and this little surface is obtained in large 
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stones by a large eye, and cutting out the bosom. We 
have seen a shelling stone with an eye twenty-two inches 
in diameter, almost large enough for the stones required 
to do the grinding; this stone was cut away at the eye 
one-quarter of an inch, and running out to a true face 
at two-thirds of the radius, the other third only being 
available for grinding and equalizing the meal ; and to 
this point we wisli to call particular attention. The 
grinding being performed between two narrow surfaces, 
these require to be perfectly true, and exactly the same 
distance apart at every point, a^ the stone revolves, in 
order to insure equality in the grist, and this is more 
easily attained in small stones and near the spindle, than 
in the skirt of large ones and far away from it. 

To make this plainer, suppose the large stone be one 
hair's-breadth out of true at one-third its radius from the 
centre, it will be twice as much at two-thirds, and the 
breadth of three hairs astray at the skirt. Now it must 
be admitted that it is possible to tram and hang a large 
stone as true as a small one, but it is not possible to keep 
it so true when working. We seldom see a stone that 
has been run for any considerable length of time with- 
out the spindle requiring to be trammed anew, and the 
stone is equally liable to get out of true on the ryne or 
spindle ; and when any of these things occur, the faces 
of both the runner and bed-stone get worn more on one 
side than the other. When all these contingencies are 
combined, it will be seen how difficult and next to im- 
possible it is to keep these narrow ledges of face around 
the skirts of large stones sufficiently true and parallel 
with each other when working. 

For these considerations then we would use separate 
stones for shelling and grinding, and instead of having 
the shelling stones from four to six feet in diameter, we 
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woulJ have tliem from three and a half to four feet, and 
those fur grinding from twenty-eight inches to three feet, 
^cording to the quantity to be made, and other circnin- 
iftances. Of course this diminished size of stone would 
involve a corresponding diminution of eye and bosom. 
The power required to work these two run, with the 
necessary cleaning and sifting apparatus, elevators, &c., 
would be about that required for one run of flour or corn 
clones. 

We have heard of shelling stones made of wood and 
faced with a compoeition of emery, which are said to 
keep sharper, and shell better than any natural stone; 
Tfe have never seen these, but have no doubt that the 
emery will keep sharp and stand the friction of shelling 
well enough ; yet it might be more difficult to re-face 
such stones equally and truly with tiie emery, than to 
sharpen and true the natural stone with tlie pick ; besides 
the natural etone answers well enough, and its first cost 
is not more than that of the artificial. We have seen 
euch a wood and composition stone tried for making 
pearl barley, not becau.se it was cheaper or better, but 
because oi' the danger of the natural stone being tlirown 
into pieces by the centrifugal force, two stones having 
thus exploded iu that same mill within thrue months. 
(See the article on barley mills.) No such reason ex- 
ists for making the oatmeal mill-stones in this way, as 
they can be banded with iron around their circumference, 
for safety, while the principle of the barley mill does 
not admit of such bands. 

The oatmeal sifter is perhaps three and a half feet 
,3ong, and two and a half feet wide, generally with three 
uieves of tin or'zinc punched \vith round holes of a suit- 
able size, and space enough between the holes for the 
long hulls to slide along, without being canted up end- 
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ways and passing through. These sieves are placed a 
few inches apart, one above the other in the same frame, 
each having an outlet for the bran or hulls at one end. 
This bran is sometimes caught in a spout and passed 
through a small fan to clean out and save the broken 
kernels which were too coarse to pass through the sieves; 
this is necessary only when the stones are imperfectly 
faced or hung. The bran sifted out has a portion of dust 
among it, which makes it good feed for animals, and a 
palatable and nutritious food is extracted from it by 
soaking in water, and straining it through a cloth or fine 
sieve ; the liquid thus obtained is then boiled and has 
the appearance and consistency of cooked com starch, 
but is of a bluish color and pleasant sourish taste, and is 
called sowens. The dust sifted out of the shellings is 
poor feed, and if it were not for the points of grain that 
are broken ofif in the process, it would be nearly worth- 
less. The shelling is worthless, except for fuel, or for 
packing and protecting eggs, etc. 

A valuable improvement has been made in the con- 
struction of the kiln for drying oats, by substituting for 
the old kiln a set of sheet-iron cylinders on the principle 
of the bolting reel. The iron covering is punched full 
of holes to facilitate the ventilation and escape of vapor, 
and the reels are inclosed in a brick furnace or oven, 
under which the fire is made, and through which it cir- 
culates. The cylinders are placed one above another, 
and revolve by gearing on the ends of their central shafts, 
which project through the brickwork for that purpose. 
The reels are hung with an incline in such a position 
that the grain fed into the high head of the upper one 
is passed gradually along the interior and drops into the 
high end of the next one, through which it passes back 
in the op{>osite direction, and is either let but dried, if 
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the two c'^lindci's are long enough, and the raolion slow 
enough, or drops into another cylinder and is ng;iin 
traversed through the length of the kiln. Thus it will 
be seen that the number of cylinders and their length 
must be proportioned to the vetoLity at which the grain 
ises ihruugh, and the heat useil, po that the outs will 
just dried aright when tliey drop from the last cylin- 
Siniple arrangements are made to vary the declivity 
of the cylinders and the rate at which they revolve, and 
also to regulate and control the degree of heat. 

The advantages of this plan over the old kiln are, 
;at every part of every grain is dried equally, and in 
'he shortest possible time, while in the old kiln some of 
the oats were constantly in contact with the hot plates 
and got scorched, while the greater part never touched 
the kiln at all. A further advantage is that the damp 
ts enter the upper cylinder, and the moisture is gradu- 
.lly expelled as they progress lower and nearer the fire, 
until they approach the lower end of the last cylinder 
immediately over the fire, where they fall out dry. To 
understand the full benefit of the gradual increase of 
,eat thus applied, place a handful of damp oats on a 
lot shovel, or griddle, and many of the kernels will 
pop open being burst by the sudden expansion of the 
moisture within ; hut if the heat be raised and applied 
gradually, the same oats will stand any degree of lieat, 
.up to the point of scorching, without injury. 

When Bteam is used as the motive power for working 
mn oatmeal mill, the heat and smoke, after leaving the 
boiler, together with the exhausted steam, can be applied 
to heat the drying kiln. A brother of ours who owns 
the Barre Mills, near Lacrosse, Wisconsin, sent us a de- 
scription with a plan and section of a kiln to be built 
over the boilers and funiaces, supplying the heat and 
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steam in the manner indicated. The furnaces to di^ 
charge the remaining heat and smoke into the inclosea 
space under the kihi head, which in this case is not per- 
forated, but steam-tighty the smoke, &c., circulates under 
the iron of the kiln head, which it heats and is then 
collected in a flue along the back side of the kiln close 
to the iron, and conducted into the chimney. This plan 
combines economy in the expense of construction, with 
an equal economy in the expense of working, and will, 
no doubt, come into general use where steam is the mo- 
tive power. 

Hanufacture of Split Peas. 

The manufacture of split peas of commerce is another 
branch of the milling business closely allied to the 
making of oatmeal and pearl barley. 

The mysteries of this process are still less known and 
practised in the United States than either of the .others, 
and we can think of some parties who would like the 
mystery to be continued, and will not like to see it dis- 
sipated by our publication of the process and machinery 
by which the peas are split and hulled. But in treating 
of all the various subjects, so far, we have withheld no- 
thing essential that occurred to us at the time of writing, 
and know of no good reason why we should suppress 
information on this particular branch of manufacture. 

The first part of the process consists of soaking the 
peas in a tank of cold water, or water slightly tepid, if 
the weather be cold. This must be continued until the 
farinaceous part within the hull is moistened and swelled, 
when the hulls being oily and less affected by the ab- 
sorption of moisture, will burst and be loosened by the 
unequal expansion. The water is then drained ofl*, and 
the peas elevated to a floor where they are spread out 



MANLFACTUHE OF SPLIT I'EAS. 



the BUperflnoUB water is dried off, when they are 
(fterwards thoroughly dried in a kiln. 

This drying nuiat be accomplished without contact 
rith smuke, or the color and flavor of the grist will be 
Nijnred. When split peas are made in connection witli 
*OBtmeaI, the drying is generally effected by hurrying a 
bntch of outs from the hot kiln and withdrawing the re- 
maining fire; the peas are then spread upon the kiln, 
jid turned and eliifted round until sufficiently dried by 
[the remaining heat in the kiln. Sometimes cylinder 
flriers ore used for this purpose; these are a kind of 
s between the cjdinder oat kiln drier before described, 
^nd that used fur roasting coffee. After being di isd and 
tooted, the peas are split and hulled in the eheUing 
ptones which finishes the process, except that the hulls 
nust be blown out. 

When split peaa are made apart from the oatmeal 

'bupiness, they are sometimes split and hulled between a 

conical cylinder and case, made of strong sheet iron and 

punched, the rough faces placed together and the peas 

jasaing down between these, the space being enlarged 

nor contracted by raii^ing or lowering the revolving cone. 

HcAnotber phm we have seen used for splitting peas, and 

^liuUing buckwheat, is a stone, like a barley mill-stone, 

cr thick grinding stone, and hung like these on a hori- 

sontal shall. It has no case round it, but only a con- 

^■ave made of similar stone, and resembling the water 

^BtMugh under a grindstone; tliis incloses one-fourth or 

^TDore of the circumference of the stone, and is hung in an 

adjustable frame, one end having a permanent axis, and 

the other being set by a screw, either closer or fuither 

I the btone, as required. The motion of the stone 
traws the peas in at the movable end of the trough, and 
hrowB them out ppiit at the other end on to a small 
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sieve, which lets through any small fragments and saves 
them. A small fan then blows out the hulls, and the 
peas are ready for market. 

This stone and its concave are both picked in small 
lines, commencing at each edge and running obliquely 
to the centre, where they meet; those cut iu the stone: 
with the wide end of their triangle foremost, and thqw 
in the concave, in the opposite direction. This amogOK 
ment of the lines gathers the peas toward the oeQtljli 
where they are thrown out in a round stream. 
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This is a machine fi)r removing the hulls and tough 
bran or ykin in which the grains of barley are enveloped, 
leaving the kernel clean and white, in which condition 
it resembles the hulled rice of commerce, and is called 
pearl or pot barley. 

The barley mill or machine by which this is accom- 
plished consists of a simple stone hung on its edge upon 
a horizontal spindle, like a grindstone. The stone used 
is a sharp, soft, and rough sandstone, similar to those 
used for hulling the oats in the manufacture of oatmeal. 
It is made from eight to sixteen inches thick, and from 
three to four feet in diameter, according to the fancy of 
the millwright or proprietor. The stone is inclosed in 
a case of sheet iron perforated with holes to let out the 
dust as it wears off, and not large enough to let the grain 
through. In punching the iron a rough burr is formed 
around the under edge of the holes; this rough side is 



jlaced inwards, and aaaists the etones very materially in 
I the process of scouring the grain. 



Fig. 41. 




e-half of case, ftluc-b is in two parts; B, flange for driving 
end ; C, eollur for driving eud ; D, flange for feed end ; E, collar 
for feed end. 
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The case is placed about three-fourths of an inch clear 
of the stone at each side, and an inch clear round the 
circumference, and the contents of this space is the 
quantity put in for each charge or grist. The stone is 
geared to revolve as fast as it is considered safe to run 
it without throwing it to pieces by the centrifugal force; 
this velocity must be graduated with regard to the dia- 
meter and texture of the stone, an average being about 
five hundred revolutions per minute. A strong compact 
stone of small diameter will bear to be geared to a higher 
working velocity than this, but a soft tender stone, es- 
pecially if it be of large diameter, should not be geared 
to work as high as five hundred, because allowance must 
be made for the increase of speed when the stone runs 
empty, which it is sure to do some time or other in spite 
of every precaution, and the utmost vigilance. 

The case revolves in the same direction as the stone, 
but very slowly ; it has a spur gear of segments around 
the circumference at one corner, and a small pinion 
working into this gear is connected with the driving 
shaft by a belt or otherwise, so as to drive, or rather 
hold back, to a velocity of between one and two feet per 
second. 

The case is made in halves to admit of taking off and 
replacing without disturbing the stone or spindle. A 
semicircle, of a radius equal to that of the stone, and 
one inch added for clearance space, is made of good well 
seasoned hardwood, not liable to warp, and two inches 
thick. Each semicircular frame is of a half-circle three 
inches wide, with a base piece the same width running 
across the centre, and joining its two ends, and by bolting 
these baye pieces of two semicircles together the whole 
circle is completed, or the two halves of the case fastened 
together. These base or centre pieces must be made wide 
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^■tt the centre in the form of a large circular hub to admit 
of a hole being cut out of each side for the spindle to pass 
through, and aruund which the flanges or Itdgea of iron 
are fastened, upon whicli the case hiings and turns. 
Two or tliree pieces, accordiug to llie length or numher 
(if felloes composing the outside circle, three inches wide, 
must be mortised in between the hub and outer circle, 
I like epokes or arms in a wheel. These are necessary 
I^Hibr strength and also to splice and nail the slieet iron 
^Bining to. The hole through the ends of the case re- 
I^Vfcrrud to, tihouid be about five inches at the end next 
ihe driving pulley, and eight or nine in diameter at the 
other end, a.s a scbop-shaped spout is fixed in thiw open- 
ing to feed the grain. 

The ledge or flange upon which the case hangs and 

turns, is of the same size as these holes, around which they 

^Lftre placed; they are of cast iron, in two halves to admit 

|b>f ^"eh being fiistened to its respective half of the case; 

^^the portion projecting horizontally, which makes the 

bearing, is about two inches wide, and should be turned 

around the outside and edge; the other portion turns out 

nt a riglit angle with this bearing, and so fits flat upon 

the outer surface of the ends of the case. It is also about 

two inches wide, with screw-nail holes through it to 

fasten it on; it should be sunk into the wood its own 

tliickness, to help the screws and insure ita stability. 

The boxes or bearings in which these turn, are made of 

liard wood, about three inches thick, the recess for the 

^^>eanng cut out of the solid wood to the proper depth 

^■Uid circle to fit the flanges, that is, two inches deep, and 

^Bbo the circle of the outer turned circumference or k-arings 

of the fl.inges. These bearing boxes only require to be 

a. 8e:nicircle budow, the weiglit of tlni c.vs.i being always 

^SulEcient to keep it steady and secure in its place. The 
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boxes Are sometimes bolted on to the inside of the beam 
or timber of the frame upon which the spindle rests, but 
it is better to have that beam of the frame close enough 
to admit of dovetailing the boxes into it three-fourths or 
an inch deep, and fixing a key below, and one at each 
end of the box, by which means it can be shifted very 
easily and accurately, and also held safely and securely 
as it is placed. This easy control of the boxes is found 
to be a great convenience in adjusting the case to be 
perfectly true with the stone ; and upon this the perfec- 
tion of the work greatly depends. 

Another item requiring strict and careful attention, 
is the manner of closing the space between the spindle 
of the stone, and the flange bearing upon which the case 
turns. This is sometimes closed by metallic collars, but 
the spindle turns at a great velocity, and being of con- 
siderable size, never less than three inches in diameter, 
the friction is so great that these collars wear and cut 
somewhere or other, in spite of every precaution ; the 
spindle, being horizontal, does not admit of a supply of 
oil being kept around it, and the collars are so much 
exposed to the barley dust, that oil applied to them is 
soon thickened and dried up. 

Experience has taught us that the following arrange- 
ment is best : Suppose the opening in the end next the 
driving pulley to be five inches, then have a collar made 
by bending a piece-of iron one and a quarter inch wide, 
and one quarter thick, edgeways, seven and a half out- 
side- diameter. This will allow it to reach out between 
the bearing flange and the wood three- fourths of an inch 
all around, and the wood must be cut away under the 
iron to admit it into this situation. This collar must 
have small holes drilled through it all around its inner 
edge, and about half an inch apart, and the sides and 
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outer edge bIiouM be turned stiiooth and true to allow it 
to revolve freely in ita recess without admitting tlie grain 
between. 

Now titke a piece of thick, strong stocking leg, about 
three inthen long, or a pic'ce of new knitted stufT of the 
same sh:ipe, made for the purpose, and sew one end of 
it around tlie inner edge of the collar with a thick 
woollen eord made by doubling and twistiiig several 
strands of yarn together; this is done by drawing the 
woollen cord through the knitted stuff and the holes 
drilled through the cellar by a large needle. This should 
be sewed on to the collar bo thnt the loose end will stand 
in lowarda the stone, nnd when slipped on to the ppin- 
dle and in its place, if it is not sufficiently tight or 
elastic to prevent the giain from working out, it must 
be tiglitened by pussing a piece of the woollen cord 
Deveral times round it, drawing it through the knitted 
Btuffat intervals to prevent it slipping off. The space 
referred to, when fitted up in this way with a good piece 
of knitted woollen fabric, will last for several years, re- 
quiring no care or attention, as the friction and dust 
ippear to fill it up and thicken it rather than to wear 
t, Hnd it never wears or cuts the spindle like the iron 
or brass collars. 

Those millwrightH who use metallic collars to close 
the space referred to in the back end of the cane, gene- 
rally close that in the front enrl in* the same way, and 
make a small hole through, whicli is furnished with a 

kemiill spont spread out in the form of a hopper at the tup 
to feed in the grain. These collars are liable to all the 
objections urged against those at the other end, besidis 
Rnollier very serious one, which is, that they close np 
the centre and exclude the cool air, a strong draught of 
whicli is essential to keep the interior cool, and should 
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be admitted here. The open space in the front end 
should not be less than eight or nine inches in diameter; 
this should be furnished with an open ring or collar like 
the other, its outside diameter an inch and a half more 
than the inside of the bearing flange supporting the 
case, behind which it is placed in a recess cut out of the 
wood to admit it, like the other. It should also be 
turned off true around the sides and outer edge, and 
drilled around the inner edge for rivets, about three- 
fourths of an inch apart; this one should be of heavier 
iron than that we proposed for the other end, because it 
must have two standards welded solidly into it at oppo- 
i:$ite sides, and .standing out at right angles from its face, 
and long enough when it is in its place to reach out and 
pass through a projecting lug standing up from each end 
of the cast box upon which the spindle turns. These 
lugs upon the box and the diameter of the collar must 
correspond, so that the standards may pass straight and 
level through the holes in the lugs; the standards are 
screwed at the end, and two nuts placed upon each, one 
behind and the other before the lug referred to, and by 
turning these nuts one way or the^other, the collar is 
adjusted to its place and fastened. The standards should 
also be made to bear near the collar upon the edge of 
the wooden box which supports the flange and case ; 
this support being near the root of the standard, secures 
the necessary stability to the collar. 

This collar, instead of having the piece of woollen 
stuff to close the space, has a zinc spout riveted on w ith 
copper rivets around its inside; this spout should rise 
up at an angle of about forty-five degrees. It should be 
a whole spout down next to the case, that is, it should 
be riveted on all around the inside of the collar, with 
the seam up ; but the top may be cut out, commencing 
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■hlmiit four inches up froin the case and scolloping it 

I ■with an easy curve upward until only the under semi- 

I circle is left, and this mjiy be rounded ofF gradually to 

the end like a meal scrap, at the height of about two 

feet from the collar. This can generally be still more 

shortened by observing how far the barley works up 

along the spout when the machine is operating, when it 

1 may be cut off at a few inches beyond the point at which 

the grain arrives, which will shorten the scoop to about 

fineen inches. 

It is important to have the scoop as short as possible, 
as the miller needs to put his hiind down into it and 
take out some of the barley to see how it is progressing, 
and when it is thoroughly made and fit to be taken out. 
The machine is charged through this scoop, the best 
way being to elevate the grain into a store hopper over 
head, and let it down througli a spjut by opening a small 
valve or gate; but it can also be filled into this scoop 
, by hand. This scoop spout remaining always open, ad- 
mits a current of cool air, which is drawn into the inte- 
rior by the centrifugal force engendered by the rapid 
, motion of the stone, and counteracts the tendency to 
' heat, which the spindle, stone, grain, and everything 
inside of the case has in a degree, from the great amount 
of friction. 

A small door is made through the outside circum- 
ference of the case to let out the charge of barley when 
it is finished; this door is hung by hinges at one edge, 
and when closed the other edge is secured by two but- 
tons. To unload a charge, a box or drawer is slipped 
in under the machine on the floor, the small pinion con- 
trolling the case is thrown out of gear by a lever fixed 
for that purpose, and the case is turned by hand until 
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the door is below, when it is opened and the case is 
moved backward and forward, until it is emptied. 

The little door, as well as the whole circumference of 
the case, requires to be strong, as the grain occasionally 
is liable to pack between it and the stone, so suddenly 
and solidly that it will stop the whole machinery^ water- 
wheel and all, as short as if it ran against a stump. For 
this reason the iron covering of the case requires to be 
secured and strengthened by strips of tough wood, two 
inches wide and one thick^ bent round each comer, 
and strongly fastened with screws. Cross-bars are also 
put across between these bent pieces, at equal distances, 
their ends being held by these, and the iron is nailed to 
these bars from the inside^ before the two halves of the 
case are put together. 

The process of punching the iron by hand is slow and 
tedious, and it requires to be carefully done to avoid 
stretching and puckering the sheets out of shape. The 
iron should be regularly laid out and marked by a 
straight edge, with a red lead pencil, both lengthwise 
and across the sheet, and the punch driven through the 
angle formed by the crossing of the lines. The holes 
should be placed in lines zigzag, that is, the holes in one 
line should be intermediate between those in the adjoin- 
ing line, and thus break joints. Some' millwrights make 
small round or three square holes, and quite close 
together; we prefer making the holes oblong, from 
three-eighths to half an inch long, and as wide as may be 
to prevent the grain passing through. 

The punch for making these holes should be carefully 
made and tempered, in order to cut the piece out clean 
and equal, as sharp, ragged, unequal projections cut, 
scratch, and waste the kernels of grain, besides spoiling 
the appearance of the finished barley. This is the rea- 
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^^EunTwc conceive, wiiy a case punched with these long 
^Hoi>eiiings, their length of course running crosswise, is 
^B&uiid to make better work than those with round or 
^B«quare onen. By better work we mean that the grain 
^Piia cleaned with less reduction of size and weight, and 

retains the natural oblong form of the kernel better. 

The puncli uhould be filed or ground very square to the 

Ibize of the intended holes, and also back parallel each 
way to the aaine size &a the point, aa far as it will be 
driven through the iron ; this is necessary to avoid bulg- 
ing and stretching the iron out of shape. Some punch 
the sheet clear to the edge to avoid puckering it, but it 
is stronger and better to leave a selvage as wide as the 
wood upon which it is to be nailed; if carefully punched 
as here directed, a little hammering of the selvage upon 
an anvil will bring all right. 
The punching may be done upon smooth blocks of 
hard wood, endways, or upi>n a block of lead, and it is 
good economy for the workman to practise at the com- 
mencement until he can drive the punch clean through 
»at one stroke of the hammer. He will do it so much 
■better, and more expeditiously, that he will soon make 
up the time spent in acquiring the proper sleight and- 
■weigbt uf stroke. When the surface of the wood becomes 
too much damaged, the end must be a;iwed off and 
^^ dressed anew with a plane; when that occurs with the 
^nlead, it may be hammered smooth again. 
^B In some of the last and best working mills that we 
^Vhave fitted up, the iron lining the ends of the case was 
^B not punched at all. The reason of this will be explained 
Hi when we come to consider the working of the machine. 
^1 We will try to give a description of a barley mill which 
Hr-we fitted up for John McKenzie, of Burke, N. Y., it 
^m being the last one we wrought upon, except some altc- 
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rations made upon one in Ogdensburg, N. Y., last sum- 
mer. 

McKenzie's new mill is a double one, and consists of 
two distinct and separate machines/ placed side by side, 
and parallel with eaoh other, the driving pulleys of both 
being inward, and meeting so closely and exactly that they 
resemble a true and false pulley upon the same shaft. 
The driving belt comes up around these from the story 
below, from a small drum, which is also double, having 
two swelled tracks for a belt, one at each end, corres- 
ponding with the two pulleys on the machine above. 
This belt is laced pretty slack, and tightened to the 
working grip by a tightener that lies upon it, the tight- 
ener also being of double length, but parallel throughout, 
as the tightener should always be. 

When one machine is working and the charge it con- 
tains is finished, the miller withdraws the tightener to 
slack the belt, and shifts it over on to the pulley of the 
other machine. The tightener is then let on again, 
and the other machine proceeds to work off its charge, 
while the miller is emptying out the finished charge of 
the first machine, and refilling it to be ready when that 
in the other machine is completed By thus shifting 
from one to the other alternately, one is kept constantly 
working while the other is at rest, and the finished 
charge is being withdrawn and replaced by a new batch 
to be ready. This arrangement has another advantage 
over the single machine, which is, that a little time is 
gained at each change, for the machine to stand and 
cool; the making of a batch requiring about twenty 
minutes, while unloading and refilling only occupies 
about five. 

These two machines are exactly alike, except that 
they both fice outward, the driving pulleys beinc; together. 
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The Btonea are thirty-seven inches in diameter, and fif- 
teen inches thick. The cases were placed three-fourths 
of an inch clear of the stone, at each end, and an inch 
clear around the circumference; but the space gradually 
enlarges as the stone wears, and is dressed off witli the 
mill pick to keep it true. The bridge bearaa upon which 
the Hpindle rests in the frame, are twenty-four and a half 
lynches apart; that is, fifteen inches for the thickness of 
Htiie Btone, one and a half for clearance, four inches for 
^pbie thickness of the two sides of the case, and two inches 
l^clearance for the box bearings and flanges which support 
the case each side. These boxes are three inches thick, 
and are dovetailed into the bridge beams one inch deep, 
the upper surfaces of the bridge beams, where the spin- 
pie bearings are placed, are thirty-two inches from the 
lor, which leaves about a foot of clearance between the 
186 and floor for the box or drawer to beBlippod under, 
> receive the charge of barley. 
The length of the frame is just sufficient to clear the 
wen comfortably; the corner posts reach up a Ultle 
gher tlian the top of the case, and a small beam is 
IBortiscd in between each pair of insitle posts near the 
pop, above and parallel with the bridge beams; in these 
are placed the bearings for the shaft of the small pinions 
which mesh into the gearing around tlie cases. A large 
pulley is placed upon this shaft, between these two bear- 
ings, and a belt connects it with a small sheave on the 
drum-shaft, below, to give it the requisite slow motion. 
The gearing is on the oti/*w/e of both cases, and a universal 
joint at the bearing of the shaft referred to, joins another 
piece to it at each end, upon which the pinions are 
iced. These jointed pieces of shaft have each n bear- 
; in a lever outside of their respective pinion.-*, by 
I they are thrown in and out of gear. Thu pinion 
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is [iliicfd near llie top (tf the case, a little behind the 
centre, and the buck end of the controlling lever la mor- 
tised through tlie t»ip of the back post of the frame, and 
a pill put through the end. This pin is the fulcrum or 
hinge upon which that end of the lever works. The 
other end is rounded down to a convenient size and 
shape to take hold of to move it. When this »mall eud 
of the lever is brought down under a pin or other catch, 
the pinion is held in gear; when thrown up above that 
catch it is held out of gear. 

The frames of these machines are made of spruce, 
eight inches square; the tenons are supplemented with 
heavy joint holts, as it is essential that the fmmea and 
floor upon which they stand should be jierfectly solid. 
The iron forming the circumference of the cases is 
punched with holes three-eighths of an inch long, the 
rows being that sume distance apart both ways. For 
convenience in laying these out, we stepjied the distance 
on a strip of wood the length of the sheets and marked 
both edges and both ends by this, and ruled across from 
mark to mark both ways, using a soft red lead pencil, 

The iron lining the ends is not punched at all. Tl 
iron is nailed on to the wooden frames with smi 
wrought clout nails (tacks) five-eighths or three-fourl 
of an inch long; they should not be longer than th: 
quarters, as the iron will wear out before the woodi 
framework of the cases, and the nails should be of 
length that would admit of their being drawn when tbi 
iron has to be renewed. 

The spindles ujjon which the stones are hung are 
round, three inches and a half in diameter, with a cast- 
iron block five inches square and fourteen inches lui 
keyed on, upon which the stone is placed. The ke]] 
should run clear through the blocks, and the koy-w 
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t the »hnrL should be cut a little longer thau the Uueks, 

admit of shifting them either way to get everything 

agree. The eyes through the stones are five and u 

riches square. To get the stone true and serure 

m the hlock, we placed the spindle upon two bear- 

tgs upon which it could turn freely, with the stone 

n it; we tlien made eight long thin wedges of dry 

'ood, an inch and a half wide, and entered two of these 

each square between the cast-iron box and the stone, 

le with the head each way, all around; then turned 

stone round, marking the high place-s with a piece 

of chalk held firmly upon a rest, and drove the wedges 

in. or slacked others back, as the case required, until the 

lone was true. We closed the opening all around at 

ne end, and turned tiie other end up, and filled the retft 

r the space between the stone and, box full of melted 



It is not possible for a miller to dress such stones per- 
(ctly true before they are hung, and for that reason he 
llould take a bar uf iron, and by holding the end against 
be stone and over a solid rest, turn a number of rings 
t creases a little distance apart all around the stone, 
fter it ia set in motion. With these turned creases for 

guide, he can dress oS* the intermediate spaces sufii- 
iently true with the mill pick. Some millers dress the 
tone with a pointed pick, such as is used upon an oat 
belling stone; others crack them with a flat pick like a 
During stone, making the crucks to run across the stone 

vund the circumference, and from that to the eye on 
Dth sides. This i.s done under the impression that it 
rill hull the barley quicker and better; but, as far as 
nr experience goes, such is not the case, and to rough 
be stone in this way has an effect upon the grain siini- 
U to that of the sharp points inside of tlie case made 
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by punching the iron with a round or square point al- 
ready referred to, that is, the grain is wasted and worn 
off, more particularly the ends of the kernels, which if 
made in a machine with both case and ^tone made rough 
in this way, will be worn off so as to look like small 
peas before the hull is all cleaned out of the little crease 
(eye) running down the side of the kernel. 

This not only makes a great waste, but it spoils the 
appearance of the barley, and is caused by the little 
corners or angles made by the pick catching the ends of 
the kernels next to the stone and canting them over 
endways like the oats in the process of shelling. To 
avoid this, the stone should be dressed as true as possi- 
ble, and depend upon the sharp sandy natural grit of 
the stone for scouring ; the pick should never afterwards 
be used upon the stone except to reduce any high hard 
spots, and break the glaze upon the surface when it 
occurs. 

In addition to this, it is necessary in order to insure 
the best of work, that the space between the stone and 
case should be kept packed as full as possible all the 
time the machine is working; and in order to keep it 
so, it must be filled up once at least (twice is better) 
during the making of a batch. For this purpose a sup- 
ply of barley partly made, should be kept convenient to 
fill in, when it becomes slack by the dust sifting through 
the case. It is well known to barley millers that the 
tighter it is kept packed in this way, the less waste will 
occur in making, and the better the barley will retain 
its natural shape. The hard outside hulls of the grain 
perform an important part in the process of scouring; 
these, when examined by a microscope, are seen to be 
serrated along the outside edges, like a new file or very 
fine saw-teeth, and being quite hard and sharp, they 
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iBsist very nialerially in rasjiiiig uff the thin tougii 

cuticle wliicli envelops the kernel iiifiiilo of the rough 

hulls. If these little rasping liuUa were blown out, or 

otherwise separated from the mass as soon as they arc 

loosened froui the grain, the process of scouring would 

l^jeither be so well nor so expeditiously done; us tbe^e 

^Bnswer the same purpose here that the emery does in 

^^mc revolving iron cylinders in which the brass cluck 

^Biacliincry, iron gimlet handles, and a hundred other 

HJuiilur email articles, are smoothed and polished. 
^^ We have alluded to the injurious efliict of allowing 
^Wie grain to get slack as the making progresses, that is, 
^Hn empty space forming at the top uf the stone by the 
^ifliminution of the bulk of the charge, as llie dust is worn 
off and eiRed out through the case. At this empty 
space, the grain being unconfined is made to revolve or 
L^pin round rapidly by the friction and velocity of the 
(■tone, and the ends being weakt-r and more exposed than 
he middle of the kernel, are rounded off, and it is re- 
Buced to the form and appearance of a small wliite pea, 
iefure the seam in Iho side is thoroughly cleaned out. 
the motion of the case and stone keeps the grain con- 
ninually shifting, so that tlie whole charge is soon sub- 
Hected to this triturating process unless the empty space 
i filled up. The effect upon the barley is very similar 
J that referred to as being produced by the sharp angles 
tonietimes made tn tlie surface of the stone by the pick. 
To obviate this difficulty, the most improved machines 
; made with the stones of small diameter and greater 
liickiiess, and conse([uently breadth uf circumfereuce, 
> make up the necessary working surface. This admits 
bf running the machine much more densely packed with 
Brain than when the stone is of large diameter and 
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increasing that of the circumference is a profitable ex« 
change, as the principal part of the work is performed 
by the circumference, and but little by the ends, par- 
ticularly near the centre. 

Of several barley mills that have been fitted up within 
the last three or four years, the smallest diameter of 
stone used that we have known of, is three feet, and 
fifteen and a half inches thick ; the largest is five feet in 
diameter, and ten inches thick. Several are from four 
to four and a half feet in diameter, and only eight or 
nine inches thick. We have examined the working of 
all these at various times, and the result is invariably 
as indicated above, that is, the smallest diameter and 
broadest circumference face does the best work, the barley 
being finished more unifonnly, with less waste. 

Uniformity in size and appearance of the kernels of 
pearl barley is desirable, but cannot be attained with 
any barley as it comes from the threshing machine, for 
the reason that the grains do not grow equal in size, 
neither are they equal in shape or hardness, and the 
mill cannot equalize these differences. The different 
grades must therefore be separated by screening. This 
is doue by passing it slowly through a screen composed 
of four different sheets of zinc, each punched with a 
different size of holes — the coarsest being uppermost 
takes out any foreign matter larger than the barley, and 
a few overgrown kernels of it — the two middle screens 
make the different grades of barley, and the lower one 
lets through all grains that are too small, and also bro- 
ken pieces. This screen is best driven by a double 
crank, one on each end of the shaft, and of very short 
and rapid stroke. The grain should be passed tlirough 
a screen as it is delivered fn)m the elevators into 
the stone hopper above the machine ; and also subjected 
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I the action of a suction or other fan to clean out the 
last, &c., before it is let into the niiichiue. 

On the question whether to punch the iron, lining of 
he ends of the ciise, or leave it plain, our experience hai 
lot been sufficient to enable U3 to decide, or scarcely to 
ffer an opinion. It is claimed by the advocates of the 
niooth iron that the barley is made with less waste, 
(nd retiiins its natural form better ; on the other side, it 
Qust be adnntted that it will make faster and keep 

■oler by having the iron punched. 
We have alluded to the danger of the stone esplod- 
Dg by the accumulation of centrifugal force, when the 
'elouity of the stone is very much increased, by its run- 
ling empty or by other accident. Several instances of 
bis have occurred lately. In one case a boy was left to 
ttend a rnn of flour stones and barley mill at night — the 
hme undershot wheel drove both — it was geared by a 
lit^wheel on the water-wheel shaft, working in a crown- 
rheel upon a spur-wheel shall. The spur-wheel was 
en feet diameter, and drove four run of burr stones, 
lesides the smut machine and this barley mill. The 
oy fell asleep, and the flour stone ran empty ; the 
barge of barley soon became so much reduced by 
rearing and sifting through the case that it offred but 
ittle resistance to the power upon the wheel, and there 
fas 80 much gearing intervening between the wbi'el and 
be barley mill, each set gaining speed, that the velocity 

* the barley-mill soon increased until the centrifugal 
>rce overciinie the cohesion of the stone, and it parted 
I three pieces. 

The stone was about fifty inches in diameter, and was 
rilled through from the circumference to the eye at 
Sree equi-distant places, and three iron bolts put 
irougb these holes to strengthen it, the flat heads of 
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the bolts being countersunk into the stone at the out- 
side, and the points tightened in the iron box at the 
centre by a screw nut. The stone parted at these three 
bolts^ — one piece passed obliquely up through the floor 
into the story above, cutting its way completely through 
a large beam over the boy's head, and waking him up; 
another piece passed down through the floor into the 
basement, and the third piece went out through the 
stone wall of the mill into the river. 

The next accident of this kind we have to record oc- 
curred in McEenzie's celebrated barley mill, at Burke, 
near Malone, Franklin Co., N. Y. It is the same dou- 
ble mill described in detail in this chapter, and was built 
as an addition to, and adjoining a grist-mill, of three run 
of burr stones, which does an extensive business both in 
custom and manufacturing work. It is upon a small 
but durable stream, and in order to economize the wa- 
ter and other expenses both were driven by the same 
overshot water wheel, the barley mill being worked onlj' 
at night after the day's work in the grist-mill was 
finished. In consequence of this arrangement the bar- 
ley miller could only sleep in the day-time, and fre- 
quently did not get sufficient sleep; at all events, he fell 
asleep while one machine yras running. This mill, like 
that driven by the undershot, had so much intervening 
machinery between it and the water wheel that it mul- 
tiplied the velocity to such a degree as the case worked 
empty, that when the miller awoke the stone was hum- 
ming like a circular saw. McKenzie, who is posted in 
these matters, and the best barley miller that we know 
of, had frequently warned him, that in case of falling 
asleep, or otherwise letting the stone run away, never 
to shut the water-gate down suddenly, but throw in a 
little grain and check the water a little, alternately, and 
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[railunlly, until the speed waa reduced to a safe rate, 
Jid then stop the machinery altogether. 

But the miller being stupefied by sleep, and fright- 
med, did not think of the warning, but ran to the giiti-. 
rliich W118 at the further side of the grist-mill, and 
lainuic'd it down. This checked the water wlieel sud- 
lenly, which, bi-ing the slowest mover and the driving 
ower, had griidaidly accelerated the velocity of the 
ntervening machinery and stone, until the latter had 
ttiiined the maximum velocity, and was running in 
mir^on with the rest of the machinery. The wheel 
flecked the intermediate mnchinery up to the stone, 
rhich, being the swiftest mover, and very heavy, had 
ccuniulated a tremendous velocity and momentum aa 

fly wheel, and now suddenly became the driving 
lOHer. The fhoik occasioned by the back-lash of this 
eversal overcame the little remaining cohesion of the 
tone, and it purtod into four equal pieces, from the four 
lorners of the eye. It demolished the case and frame, 
f course, hut damaged the building less than might have 
leen expected; one quarter passed out through the end 
f the mill, and over the river, landing on the opposite 
ank. 

The miller was so frightened and chagrined that he 
rould not attend the other machine any longer, but ex- 
iianged places with another young man who attended 
lie grist-mill, and who was conceited enough to think 
hat the like never would have taken place with hiui. 
was doomed, however, to have this conceit very 
uddenly taken out of him; for when he had run the 
ingle machine about six weeks or two months he fell 
i»leep at his post, and the same thing occurred with 
—every circumstance being almost identiciil with 
he previous accident. It is astonisiiing and difficult to 
25 
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account for the infatuntion that could impel him, wlien 
he awoke and found that the mill had run away, to run 
to the gate and shut it down the first thing, especially 
after he had heard the philosophy of the whole occur- 
rence discussed and explained, and been warned against 
the immediate cause of the other accident, to wit, the 
biick-lash by the 8udden check of the machinery. But, 
by his own account, he ran directly to the gate and shot 
it down ; and, before he had time to move from whew 
he Btood, or take hia hand off the gate lever, the ex* 
plosion occurred. 

The second accident caused considerably more damage 
to the building than the first one; one quarter of the 
Btone struck the main beam in the end of the building 
and smashed it out; another broke through the lower 
floor, and the case and frame were broken in fragments. 
The interior of the building presented the appearance 
of having been struck by lightning, or blown up with 
gunpowder, and had the accident occurred in dayligh^, 
with the mill full of people, as it frequently was, tha 
damage to life and limb might have been very serious. ^ 

When this second and last stone went to pieces, Mo- 
Kenzie tried the experiment of a composition stone. 
For this purpose, he had one made of dry hard wood; 
it was made of disks or layers of two inch plank, well 
jointed, and pinned through, the joints being filled and 
the pins driven with white lead for cement. The cut- 
side was then turned off to the size and shape of the 
other stones and covered over with several coats of glue 
and emery. This was put on in a severe frosty time, 
and in a hurry, the "stone" being placed near the mill 
stove to keep it from freezing, and hasten the drying; 
but parts of the composition were frozen before drying, 
and other parts overheated and dried too suddenly. 
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It was hung in place and fet to woik iminediiitely, 
and fnund to Imll and scour the barley Sister and better 
thfln nny natural etone, but when examined after run- 
ning a while, pi.>rtions of the composition were scaled off. 
It was afterwards coitted anew, the emery this time 
fastened by a " patent" waterproof glue ; this was applied 
to the stone in its place late in the afternoon, and tlie next 
morning it was set to work. Although hot irons were 
placed under and around the stone to hasten the drying, 
Btill it was not so dry as it should have been when set to 
■work, and the consequence was that a good deal of the 
composition again wore off. 

The manufacture being depressed, no further attempt 
was made to run it, and- McKenzie has sent to Scotland 
for two more stones from the same quarry ; and this 
summer (18G9), having a new building and water-power 
fitted up a little below the grist-mill, which will use the 
same water over again, he intends to transfer the 
barley mills into this and run them with a small tur- 
bine wheel, geared in such a way that the velocity of 
the stone will be hut little accelerated when running 
empty. 

We were sorry that McKenzie should have abandoned 
this experiment without giving it a fairer chance of trial, 
as from what we saw of the working of the artificial 
stone, we were satisfied that it would work faster and 
better than any natural stone that can be found, and 
Btill believe that if the composition were applied iu warm 
weather, and sulScient time was allowed for it to dry gradu- 
ally and thoroughly before it was set to work, it would 
stand the friction well. We have often made and used 
emery wheels and cylinders for many different purpose?, 
where the grinding and abrasion were all confined to one 
spot, or to one side of the cylinder, as in grinding cast- 
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iron rollers, or machine cards, and found it to stand the 
friction well ; and can see no good reason why it should 
not stand for a barley mill-stone, where the friction was 
equally distributed over its whole surface, and could not 
be sufficient at any point to make much impression 
upon an emery coating carefully put on and sufficiently 
dried before using. 

Some readers may think that we are occupying too 
much time and space with these details, and consider 
them frivolous ; but for those owning, making, or run- 
ning such machines they may be sufficiently interesting 
to require no apology, and under cover of this remark 
we will mention only one more accident that occurred 
with a barley mill, which illustrates the necessity of 
having the barley stone, or any other heavy machine 
revolving at a swift velocity, perfectly balanced. 

The stone referred to was of unequal texture, one 
side being closer in the grain, and consequently heavier 
than the rest of the stone ; this denser side was also 
harder, and wore away more slowly than the other. It 
was balanced by cutting a hole in the light side and 
running in lead, and a similar hole in the heavy side, 
which was filled with plaster. Although accurately 
balanced at first, the balance gradually varied by the soft 
side of the stone wearing away until it was perceptibly out 
of balance when running swiftly. In this condition it 
was left to stand idle for a while, being in gear just as 
it was run. During the night the rats chewed off the rope 
which held a waste gate open in the spout which sup- 
plied the overshot wheel ; this let the whole water on to 
the wheel, and as it had nothing to drive but the empty 
barley mill, of course it drove it in a very lively manner. 

It was not heard nor noticed until a girl, early in 
the morning, went down the ravine some distance below 
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le mill for spring water. Here she heard a tremendnus 
rrash, and at the same time something like a streak of 
ightning enveloped in a small cloud, and smelling 
itrongly of sulphur or gunpowder, which passed her ao 
[lose that it threw her down> although it did not touch 
>r. She sprang up, and looking down the ravine she 
uld distinctly see the barley mill-stone as it was running 
Urootly away from her. She described it as running in 
i direct line, neither veering to the right nor to the left, 
Wt every little while jumping straight up into the air, 
Bometimes as high as ten or twelve feet. Some of these 
umps, which appeared to her to be perpendicular, were 
afterwards measured and found to clear from twenty to 
forty-three feet. After running a quarter of a mile 
down the hollow it came to an up grade which cliecked 
its speed, and it finally brought up against a steep bank. 
It waa not broken, but the corners were chipped and 
rounded off sufficiently to preclude its ever again being 
ised as a barley mill-stone, a purpose for which it never 
■as fit, and never should have been employed. 
The explanation of its thus deserting its post was, 
that its being empty, somewhat heavy on one side, and 
the journals and bearings all dry, the great velocity and 
weight soon heated the spint^le and bearings, and they 
gan to wear and cut; this gave some play to the f^pin- 
[le and stone, which increased the power of the heavy 
dde for mischief, and encouraged the wear of the henr- 
ies still more. Thus the two defects, mutually helping, 
•on increased the swing and jolt, until the strain broke 
he spindle, and the atone being liberated took its de- 
irture; the accumulated rotary power within itself 
rnishing ample motive power for tlie purpose, and the 
iction of its weight upon the floor gave it the requisite 
ard motion to enable it to jump through the window 
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and continue its course down the ravine, like a cart 
wheel along the road, until its rotary force and Required 
headlong momentum were hoth gr.idually overcome. 

It i8 rather singuhir that all these accidents should 
have occurred and no persons be killed or hurt hy them; 
however, this result ia due, not to the harmless nature 
of the accidents, which are really as much to he dreaded 
na the bursting of a cannon or the explosion of a bomb- 
shell, but to the fact of their occurring when no one 
happened to he in the way. 

But this circumstiince should not deter any one who 
may be interested in fitting up such machines, from 
using every precaution against the possibility of such 
an occurrence taking place. The most effectual safe- 
guard in to gear the stone to the wheel in such a way 
that in case of the stone running empty its velocity 
cannot be increased much beyond double its working 
speed. Gearing thus with some kind of wheels would 
involve a waste of water ; where this cannot be afforded, 
we would advise, either using a different wheel, or other- 
wise providing the wheel with a reliable governor to 
control the speed by the water-gate. 

Whether any reliable addition can be made to the 
strength of the stone by drilling and placing screw bolts 
through it, from the iron in the eye to the circum- 
ference, as described in tlie first accident, we very much 
doubt. It would be only reasonable to think that the 
hole drilled out of the solid stone would weaken it as 
much at that point aa the iron would strengthen it; 
besides, the bolt cannot prevent it separating along Us 
course, which the hole has rendered the weakest part, 
and therefore most liable to give way. And again, in 
case of the stone running empty, which is the only 
danger, the bearings become dry and the spindle 
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DX in tbe eye heat and expand befure the tttone is 
^ated, and iron being a better conductor than stone, 

I bolt is alco heated and expanded in a slight de- 
f, but is still sufficient, with the expansion of tbe cen- 
ul irons, to Blacken tbe grip of the bolts, and leave tbe 
reakened stone to its own resources. For these reasons 
re have never put through any such bolts, and cannot 
ecommend them. 

There are some secrets known only to those thoroughly 
nitiated, that are insisted on as being of importance in 
irder to manufacture a first-class article of pearl barley, 
j)d are guarded with such care that some crack millers 
jtact an oath of secrecy from their apprentices, in order 
) preserve them in their craft. All we can say is, that 
here is nothing in them requisite to make a really good 
irticle, but the pretended sleight consists in making per- 
lapa a nicer looking article, although not in realitjr any 
tetter for use or consumption. 



CHAPTER XIX. 



fyroOL CARDING AND CLOTH FULLING AND DBESSINQ 



This busineae is frequently carried on in connection 

Tith gristing and other branches of the milling business, 

Jid the same millwright is required to set these in ope- 

ittion. The carding machines are furnished complete 

■om factories, and the millwright has only to adiipt the 

|)roper power and speed to the driving belt to set them 

> work, and occasionally to assist the ciuder to turn 

2 cylinders anew, and fit on and grind the new cards. 

But the fulling mill has to he made on the spot, and be 
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adapted to the pitimtion, rirc urn stances, and powct 
by which it is to 1)6 driven, nnd we have seen many a 
good millwright sorely perplexed and puzzled to recon- 
cile all the contingenciea, and give the trough and ham- 
mers the right curves and angles required, to get the 




stock of cloth to turn just fast enough, and not too fast, 
to full equally and quickly. When the mill ia made 
Bingle, that is, to full only one stock at a time, this is not 
BO difficult, becauBe the distance of the hammers frooi 
the curved head block can be varied, and the angle at 
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rhich they strike the cloth altered by shifting the axis 
wve, upon which the handles are hung. But the 
C>ul>Ie mill, for two Kt(K-ks, admits of no such adjust- 
sent, fts any altemtion made to benefit one end alters the 
iher end in the opposite direction, so tliat the benefit to 

; ia made at the e.\pense of the other, and the only 
emedy is to take it down and make the necessary nl- 
eration. 

The original cause of the trouble is undoubtedly the 
pparent simplicity of the whole concern, which tempts 
i man to go right to work and make it, forgetting, or 
ather never noticing or knowing, that the fulling mill, 
ike other machines, works upon (i.\ed mechanical prin- 
iples. The first and most important of these is, that 
he point of each hammer, as it moves, describes an arc of 
^circle, the radius of which is the direct distance from the 
foiut of the hammer to the a.Nis on which the handle is 
lung, and the length of the arc described, or riither its 
ibord, is the stroke of the crank; therefore the bottom 
f the trough must be miirked and curved by this radius 
rom the point of suspension indicated, and for a dis- 
I at least equal to the length of stroke. Boliind 
his curve the bottom should be continued straight, and 
I little descending to the end if it be a single mill, or 
o the middle if it be a double one. The descent is re- 
luired to let the scouring water run off and to ventilate. 

Above this curve, at the point of the hammers, the 
lead block should curve up rather abruptly until past 
he perpendicular, and then extend nearly straight, and 
nclining back over the points of the hammers aa shown 
n Fig. 42. 

The hnmmers are about 12 inches thick and 21 deep, 
he ends bevelled off to an angle of 40 degrees, and the 
Dcline cut in notches like saw teeth through the whole 
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thickness. These teeth crowd the under side of the stock 
of cloth forward into the short curve at the foot of the 
headblock, up which it rises, and falls back from the over- 
hanging upper end upon the withdrawn hammer, which 
shoves it up again, and the two hammers repeat the 
operation alternately, the cloth turning a little each 
time, until every part is equally and sufficiently fulled. 
The under sides of the hammers are circled a short dis- 
tance back from the point by the same radius as the 
bottom, and from the same centre — the point of sus- 
pension — they are otherwise straight below. 

The handles are put through a mortise in the centre 
of the hammers, and pinned fast ; if for a double mill, 
the ends must pass down through the bottom of the 
trough, and the pitmen from the cranks be jointed on to 
these ends. For a single mill a slit is cut out of the 
back ends of the hammers to admit the ends of the pit- 
men, and a noddle-pin is inserted to hinge them toge- 
ther. The crank in. either case should be placed so that 
the pitmen will work horizontal and parallel — the crank 
working freer, and keeping better, by having a bearing on 
both sides of the pitmen. If both are on the same side, 
they should be a considerable distance apart, otherwise 
it is difficult to keep them tight and true. We once 
cured a crank which was condemned, because the bear- 
ings were only eleven inches apart, and could not be 
kept tight, by substituting an old barley mill-stone for 
the driving sheave. We covered the circumference with 
a thick coat of plaster and glue, and turned it off. It 
made a good sheave, and its weight kept the short shaft 
steady in its bearings, besides it answered the purpose 
of a fly-wheel. 

The first fulling mills we made we mortised the bottom 
piece and tenoned the head-blocks directly into it ; but 
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this cutH tilt' wood too short ncross the grain at the most 
particular part of the curve, and it does not etitnd well. 
-■All we have made for many years were both bottom 
^nd head-blocks tenoned into a cross timber at each end, 
1 which the shortest part of the curve is cut aa shown. 
These cross sticks are made long and large enough for 
upporting sills, and a pair of posts are set into tlie pro- 
jecting ends of each, these posts holding the sides of 
he trough in place, and also supporting the frame upon 
which the axis of the hammer handles is placed. 

Fulling depends upon a series of microscopic barbs 
similar to that on a fish-hook, but continuous along the 
I whole length of each fibre of wool or fur, and too mi- 
Bpute to be seen by the nuked eye ; these admit of the 
^■fibre moving and tightening up in one direction, but, 
"like the beards of grain, they hold all they gain in that 
direction. By agitating a fabric composed of such mate- 
rials, as in a fulling mill, and saturated and slippery with 
loapsuds, the fibres are more and more entangled, and 
he fabric concentrated and thickened, with a corres- 
londing contraction in length and breadth, until the 
Jexture and appearance of the cloth are changed. The 
irinciple is the same as that of felting, by which cloth 
i made without spinning or weaving, and the fur and 
iroollen hat bodies are made in this way. 

This peculiar tendency to condense into a thick mat 
I poBsesBcd more perfectly by some kinds of wool and 
^brics than others, and this difference must be under- 
stood by the fuller, and modified accordingly. A piece 
of cloth possessing a tendency to full rapidly frequently 
;et8 into folds and wrinkles, and these, if not watched 
ind straightened out, soon become fulled and matted as 
r grown together, and the cloth is spoiled. To guard 
S^ainat this, and full each piece aright, the fuller with- 
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draws each stock once or oflener, stretching each piece, 
and leaving some out for a time to allow the others, 
more tardy in the process, to catch up. When the whole 
batch is fulled sufficiently a stream of clean water is 
run in among the cloth and the mill kept running until 
the soap is washed out and the cloth left clean, when 
it is taken out and hung over a pin to drain the water 
ofif, and is then stretched out on the tenter bars to dry. 

Tenter Ban. 

The tenter bars, on which the fulled cloth is stretched 
and dried, are placed either in a long open shed, 
through which the air has a free circulation, or as 
frequently in the open air. They are composed of two 
tiers of scantling, about four inches square, placed upon 
posts six feet high above ground. The upper tier of 
bars is fastened to the top of the posts in a straight 
uninterrupted line; but the other tier, the breadth of the 
cloth below these, is jointed together by a double tenon 
made on one end, and a single one on the other, which 
is placed between the two, with a pin inserted through 
these at the centre, which forms the hinge. Tenter 
hooks are driven into the ranges of bars, about three 
inches apart and the entire length, to hook the edges of 
the cloth on to ; the hooks are of galvanized or tinned 
iron to prevent rust, which would stain the cloth. The 
lower bars are fitted to slip freely up or down on slats, 
four inches wide and an inch thick, which pass through 
mortises in each bar, opposite the posts ; the upper and 
lower ends of these slats are fastened to the .posts, the 
middle being left free for the bars to move upon. To place 
the cloth upon the tenter bars it is neatly folded (not 
rolled up) and carried upon the left arm, the end is 
hooked on to both bars at the comers, and the piece is 
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■cnrrifd along nnd hooked at intervals to the bfirs by the 
', Hiilil spread out to its full length ; the ope- 
rator then commences at tlie first end, and stretches 
toth edges out lengthways, nnd fastens upon every 
book ; lie then passes along and crowds the lower bar 
Sown, and slips a pin through it into each post, which 
keeps it down and stretches the width of the cloth. It 
18 left in this position- until dry — the length of time de- 
pending more on the circulation of the air, and the pre- 
sence or absence of moisture in it, than on the tem- 
ftralure; as the cloth will dry well, although it be 
izen hard all the time, provided the air be dry and 
rculate freely. 
The Shearing Machine. 
With the operation of shearing which the cloth under- 
goes the millwright has little to do, as the machine by 
which this is performed, like the carding machine, is 
furnished ready for use, and it has only to he located 
conveniently, and in a proper position, and the necessary 
motion imparted to its driving belt. The shears, how- 
ever, require to be ground and sharpened occasionally, 
and as this is a particular job which has to be done 
when distant from the factory where they are made, we 
will try to describe the principle on which they operate, 
and the method which we have employed to sharpen 
them. 

The revolving shears are plates of steel wound spirally 
round a small cylinder, their length being equal to the 
wiliest cloth to be shorn. These blades are sharpened 
on tli^ foremost corner of the outer edge, and when 
working, sweep obliquely across the sharp corner of the 
Blraight blade beneath them, the progressive motion of 
the revolving blades along the stationary edge being 
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Bimilar to that of closing the blades of ordinary shears. 
The cloth is wound upon a roller and the end passed 
over a square comer directly behind the cutting edges 
of the shears, and fastened on to another roller on the 
other side ; this last roller has a slow revolving motion 
given it which winds the cloth upon itself, and draws it 
from the first roller and over the comer mentioned^ 
which keeps the cloth tight and eqpally up to the shears, 
and these clip off all the projecting wool to an equal 
length as it is thus presented to them. 

The ordinary sharpening of the shears is performed 
by running them backwards and applying flour of emery 
and oil to the passing edges with a rag or brush ; by 
this method of sharpening and the wear of working, the 
blades get to be uneven on the edges, and require to be 
ground true. To grind these shears a stone of fine and 
equal grit is required; it must be hung true and firm in 
its bearings, and the circumference turned off true ; a 
thin stone answers best. The shears must also be hung 
in a temporary frame, with true guides to keep it paral- 
lel with the stone, and at the same time admit of mov- 
ing endways the whole length of the blades ; the stone 
should have a pretty swift motion, and the shears a slow 
motion in the same directixyn, and the shears must be 
kept slowly moving from end to end, to insure an equal 
and true edge. When this is accomplished, the station- 
ary blade must be trued the same way, and when put 
in place they must be ground together with emery and 
oil as before to complete the fit; after grinding with 
emery the edges should always be finished by rubbing 
both angles lengthways with a torquois or Washita oil- 
stone. It is always best to send the shears to the fac- 
tory for grinding when it can conveniently be done. 
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The Cloth Press. 

After the cloth is sheared it is curried over with a 
I card and brush; these are drivea over it always in the 
same direction, in order to lay the incline of the nap or 
projecting wool all one way. The cloth is then carefully 
folded with a press-board of smooth paper pasteboard 
between j plates of heated cast iron are also placed at 
intervals between the folds, and the mass sometimes 
still further heated by being placed on a thick cnst-iron 
plate, with a furnace under, in which fire is placed. In 
thia situation it is subjected to a great pressure by a 
etrong screw, and left under that pressure for a con- 
wderable time, the screw being tightened occasionally 
during the interval ; the pressure and heati, with the 
smooth press-boards intervened between the folds, give 
the cloth a smooth and glossy finish, and improve the 
texture as well as the appearance. 

The structure and fitting up of the cloth press are sim- 
ple ; the frame consists of two strong posts of hard wood 
about eight feet long, with two equally strong beama 
framed across between with double tenons, the top of 
the lower about twenty inches above the floor; the upper 
beam, in the centre of which ttie nut of the screw is 
sunk, is placed a little more than the length of the screw 
above the other one. A strong cast-iron socket or fol- 
lower is fixed under the round pivot of the screw, to 
which it is attached by a swivel. This iron follower is 
bolted to a wooden one of strong plank, with a tenon 
on each end. These tenons traverse up and down in 
grooves cut in the posts for tliat purpose ; thia allows 
the pliink to follow the screw up or down, but prevents 
it from turning as the screw is turned. Two holes 
through, near the butt end of the screw, at right angles 
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with each other, admit of a bar being thrust through, by 
which it is worked. 

With the coloring or dyeing, which is a chemical busi- 
ness, the millwright has little to do except to fix curbs 
and conveniences around the copper boilers, and suit- 
able reels for overhauling and handling the hot cloth, 
and for these, the manufacturer himself will give better 
directions than we can. 

The same remark might apply to our proposed di- 
rections for turning the card cylinders, and grinding and 
pointing the teeth of the new cards; but as the process 
of turning these cylinders and that of turning surfaces 
true by an emery wheel or cylinder, are applicable to 
many other purposes than those under consideration, we 
will try to give an idea of both here. 

To turn such cylinders true from one end to the other, 
it is necessary to have a gauge or guide to control the 
turning tool, that is true, and also a tool that is adapted 
to the control of such a guide. The guide is made of a 
piece of clear and dry scantling about four inches square, 
and long enough to reach and rest upon the frame at 
both ends; this must be jointed true on the top and 
outside, and notched down on the frame two inches, 
with a mortise made down through one end at the 
shoulder, through which a key is driven to keep it firm 
in its place. This piece of scantling makes the rest, as 
well as the gauge or guide for the tool; the tool used is 
either a large jointer plane-iron, or a tool of similar form 
made for the purpose ; instead of the iron caps being 
screwed on above the plane-iron, a wooden guide is 
screwed on crossways below; this guide piece is adjusted 
. to the back edge of the rest, like the stock of a T square, 
and at such a distance on the iron as to allow the cut- 
ting edge to reach the cylinder. If now the guiding 
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'corner of the rest be set parallel with the axis of the 
cvliuder, and the cylinder be eet in motion, it may be 
lurneil trno an'l straight from end to end by moving the 
cutting tool carefully along the guiding rest. 

The emery cyUndurs for grinding the curds may be 

ten or twelve inches in diameter, and the full length of 

the card cylinders; they should be made of dry pine, 

upon an iron shaft, with room for a driving pulley on 

tone end; tliey are turned true by the process just de- 

icribcd. To put on the emery coating, the cylinder 

phould be heated to preserve the glue in a soft state until 

[the emery can be applied ; they are covered with a coat of 

liquid glue, and the emery sifted on equally all round ; 

""it should be pressed into the glue by rolling on a smooth 

surface, and when sufficiently dry, another similar coat 

[i added, until the covering is thick enough. Care must 

^Hbe taken to put on the coating equally, as the cylinder 

^Bnust be true when finished, and this is attained by 

^^ndding more glue and emery on the low places, which are 

ehown by turning it round against a straight rest. We 

have succeeded in turning these true by laying a large 

heated bar of iron behind, and holding a burr block 

against the high places, but it is a tedious process, and 

injures the coating. The composition is strengthened 

and wears better by having some emery flour mixed in 

with the liquid glue 

■ The cards are ground by running them backwards, 

^B nnd nmniug the emery cylinder swiftly against the 

^K|)oints of the teeth. They are sometimes ground against 

^Ban emery board. After being ground until the teeth 

^Hlre equal and sharpened, there is a little rough point or 

I hook left on the inner corner of the wire that catches 

iLe wool, and makes trouble at first; these are like the 

wire edge on a new-ground tool, and should be brushed oflF 

26 
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by placing the teeth of two rylinrlers slightly in conta 
and running them backward; this must be done cai 
fully and well, nnd is then a great improvement. Sui 
emery cylinders are frequently used to grind castrirwi 
rylinders that nre too hard, or rods that are too slender 
to be cut by a turning tool, and this is an easy and ex- 
peditious way of truing such. 





• This mill, from Foirboirn's " Mille sod Millwork," U therein ^a 
Bcrilied as Tollows : 

'■ D is tile cap moving on rollers ; i the shnft carrying the uUi, i 
end tlie bevel-wheel an, gearing into another buvel-wbeel h, on I 



403 



We have tried to etuHy out the reason why wind has 
' been almost entirely abiindoned in tliis country ns a 
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every other source of power has been improved and 
brought to such perfection. We rememte'r mnny years 
ago, while young, in passing down tlie St. Lawrence 
River from Lake Ontario, that windmills were seen busy 
at work on almost every prominent point; and after 
getting down into the valley of the St. Lawrence, the 
windmill was the most picturesque feature in almost every 
landscape view. Lachine nnd Laprairie had their wind- 
mills, and Montreal not less than hidf a dozen in a cluster, 
around the point where the Lachine Canal now disburses 
its Iftflt and greatest water power. That the water-power 
funii»hed in such abundance by that canal, should snp- 
plant the use of the fii.-k!e and less reliable wind on that 
particular point, is natural enough ; but why windmills 
in other localities where no otlur power has been sub- 
stituted in.stead, should be abandoned to ruin and decay 
la not BO ensily understood ; nnd it is still more difFuuIt 
to find a satisiactory reason for the fact tliat windmills 
are so little used on the great prairies of the west, where 
water con seldom be had, and fuel for the generation of 
Bteam is equally acHrce. That this oldest and most 
universal of all motive powers, should be so little em- 
ployed on these prairies appears still more strange when 



nill-Btone shaft. The wind noting on the fan F, cotnmniiicates motion 
10 th« bevel-wheel and apar pitiion e. which, acting on the ajtur wheel 
or rack Bxed on the summit or the toner, canses tlie revululion of tliv 
np. The sails of the fan are coiiHtmcteil bo that wbeii the^ lie in the 
\t\ane of the wind they sre Dot affected; but as the wind shifts, it 
strikes them oIj 11 quel; and causes the revolution of ibc cap till Ihey 
ore again in the plane of the wind." — Fairhaim'i JIfilU and Mill- 
teork. P&n I. pp. 2T1-8. 
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vre consider that the wind blows over these vast plains 
in a steady and almost uninterrupted breeze for a great 
portion of the year without local obstruction, having 
neither mountain nor hill and scarcely a tree to interrupt 
or disturb its course. 

It is these disturbing influences which abound in the 
Eastern and Northern States that render the wind too 
unsteady to be relied upon for driving machinery. These 
objections will always tend to prevent the use of wind 
for driving machinery in all extensive manufacturing 
establishments in the east or north. We have been in- 
formed by old country millwrights and millers of ex- 
tensive experience and observation, that nowhere on 
the eastern part of this continent does the wind blow 
sufficiently steady to be reliable for driving extensive 
machinery. If this is the case, some cause more potent 
than the local interruptions must interfere to disturb 
the progress of the wind over the continent. It is said 
to be an established fact from meteorological observa- 
tion, that the prevailing winds come from the northwest 
during three quarters of the year on an average, over 
the whole North American Continent. This is the reason 
given for the average winter temperature being ten de- 
grees colder on the Atlantic than on the Pacific coast in 
the same latitude. This northwest wind that visits us 
comes from the northern regions of the Pacific, over the 
Alaska purchase and the Rocky Mountains. As it passes 
over the latter obliquely, its course is interrupted and 
changed, and still more modified and broken by the peaks 
and passes, and perpetual snow of those mountains. 
The wind may continue to be afiected by these disturb- 
ing causes as it passes over the prairie regions and until 
it arrives among the local obstructions of hills and hoi- 
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ilor^oreStB and fielils. We cannot vouch for the en- 
[ tire correctness of this theory, but have always been 
tohl by the millers attending the windmilla on the St. 
I Lawrence, that the only wind tliey could rely upon, for 
, running steadily, wn.s that blowing down the river to- 
ward tlie great Gulf. And repented observations hivve 
made us familiar with the effect produced by wind 
blowing obliquely against a mountain range. Our prin- 
' cipal falls of snow come from the east, but the drift 
I seldom takes plare until the wind changes to its ordinary 
point a little north of west. In any level valley where 
the wind has its free course, the snow drifts follow this 
direction, but in southwestern New York the wind is 
tunied aside by the Allegliany Mountains, and the drift 
crosses an east and west road obliquely from the south. 
The same thing occurs along the whole northern frontier 
of New York State, where the Adirondac Mountains 
cause a northern slope that extends from their base be- 
yond the Canada line; and throughout this whole region 
the deflection of the wind by tliese mountains is indi- 
cated by the direction of the snow drifts, which diverge 
I more or less towards the north according to circum- 
' stances; the influence being perceptible far beyond the 
inclined base of the mountains, upon the level plain. . 
This divergence causes eddies and conflicting currents 
of wind, which are shifted by the slightest variation of 
intensity or direction of the breeze, and must tend in a 
great measure to destroy its useful effect as a motive 
power. Another effect, still more potent, by wliich those 
mountains influence the action of the wind over this 
northern slope and the contiguous valley, is, that a strong 
wind from any southern point is thrown upward by the 
mountain, as a similar volume of water is thrown up by a 
I like eloping obstruction interposed in its chute, the water 
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is soon brought down again by its gravity to the direct 
course; but it is different with tl^e wind, which has no 
such tendency to make it resume its original course, and 
it continues upward, crossing and mingling in with the 
uninterrupted current above, and thus forming whirl- 
winds and eddies, with partial vacuums intervening, 
which reach the slope and the valley, sometimes inten- 
sified, and always in the wildest confusion, and fre- 
quently at a great distance from the mountains. It is 
these southern winds, coming over the mountains, that 
unroof buildings and uproot the trees throughout all 
this section, and not the uninterrupted winds from any 
other quarter. A question of the greatest importance 
to any one contemplating the building of a windmill on 
any of the western prairies is, how far and to what 
extent these disturbing influences affect the prevalent 
westerly winds in their passage over the Rocky Moun- 
tains. 

We have been consulted as to the expediency of 
erecting large grist and saw-mills on the western prairies, 
and explained these theories in detail, the mere outlines 
of which we have given here, advising the parties to 
investigate thoroughly before deciding either way. The 
• result was, that after exploring a great portion of the 
prairie regions, making observations and collecting in- 
formation from various sources, they gave up the pro- 
ject and returned home. But their investigations were 
too superficial, and the data upon which they founded 
their conclusions too vague and unsatisfactory to be re- 
liable ; and it still remains in our mind a question, that 
is yet to be solved by a more competent and careful 
investigation, to what extent these disturbing pheno- 
mena affect the wind as a motive power, and how far 
their influence extends. 
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TIlia is an importaiit problem for any person wlm 
meditates the builJing of a windmill Eiiiywhcre in this 
country, and one which we are not competent to solve. 
Tliia much we may s:\y, tliat alttmugh this continent is 
not so well adapted to wiinlmills a^ Holland, or »ome 
other countries or islands but little elevated above the 
sea, yet there are no doubt many lociilities where these 
would work and pay well. It would require careful 
and matured observation, with good tact and discrimina- 
tion, to determiae the most suitable site, otherwise as 
great a disparity would be found between different wtnd 
prtwer-s although the machinery were all alike, as is 
found between different water powers with every variety 
of machinery. 

Thus far we have only contemplated the employment 
of wind for driving heavy and extensive machinery on 
a large scale, requiring great and constant power, and 
involving a corresponding amount of expense, hence the 
prominence given to the selection of a site where the 
strongest and the steadiest power might be obtained ; 
and to the effect of outside interferences, that might ob- 
struct the full development of these. We will now con- 
sider it the medium by which motion may be given to 
light machinery, adapted to an almost endless variety 
of purposes and manipulations, which are generally 
performed by manual labor or horse power. To many 
of these operations we have seen these small windmills 
applied, with little expense and labor; they are especi- 
ally adapted to farmers and mechanics in country places 
and small villages, for threshing and winnowing grain, 
driving a corn-aheller or straw or root-cutter in the 
barn, to saw wood, pump water, drive the grindstone, 
churn, or washing machine, at the wood shed, or to drive 
every description of light machinery in a work-shop, 
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such as lathes, circular, jigger, scroll, and butting saws, 
bellows, trip hammers, or any other machinery employed 
by the tradesman that does not require to be run con- 
stantly. We have seen nearly all such operations per- 
formed by wind. A little experience soon teaches a 
man the probable and proportionate time the machinery 
will run, and he learns to calculate his work accordingly. 
A farmer whose barn and wood shed are furnished with 
such wind power, can do up all his indoor work in 
stormy weather, when little can be done to advantage 
in the open air. 

We will endeavor to give such a description in detail 
as will enable a man of ordinary abilities to construct 
and set up the wind-wheel required for such a machine 
as will furnish from one to four horse power in an or- 
dinary stiff breeze, and also instructions for attaching it 
either by bevel gearing to communicate a revolving 
motion, or by a crank to produce a reciprocating mo- 
tion. 

Any ordinary building, as a bam, wood-shed, or work- 
shop is strong enough to carry such machinery. In 
commencing to erect the necessary elevation above the 
roof upon which to place it, the first thing is to make a 
hole through the ridge of the roof, as if for a chimney, 
about three or four feet square, and set up four posts 
through this hole reaching from the floor or beams below 
to seven or eight feet above the roof. Round spruce poles 
five or six inches in diameter make good posts ; these 
should be placed two and a half or three feet apart at 
the upper end, and secured by caps, framed square on 
the inside, and circled on the outside. This forms the 
foundation for the track on which the turn-table with 
the wind-wheel and its machinery traverses. The lower 
ends of these posts should be placed about eight feet 
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1 frnmed into silla fastened to the beams or 6oor 
on which they rest. One or more sets of girts may be 
spiked on to these posts at a prnper height to lay a Ooor 
Lupun, for convenience, and to strengthen the frame. 

There are many different Witys of making the winiJ- 
' wheel, all more or less aelf-regulating. Some are phiccd 
upon a perpendicular shaft, and the vanes revolve hori- 
zontally, but the greatest number, and those giving the 
■ _best results, revolve verticaUy upon horizontal shafts. 
H'Tbe one we prefer, and which admits of the easiest con- 
■,trol, is made and regulated as follows : — 
^1 The arms are made of two pieces of oak, elm, or ash 
^Rucantltng, fourteen feet long and four inches square; 
these are halved or notched across each other at the 
centre, and make the four arms. The arms are left the 
full size one foot from the centre, and from there they 
3 tapered down to two inches at the end, the tapered 
part being rounded. Three bearings two inches long, 
' like journals, are made on the round part of each, by 
leaving a portion of the corners for a shoulder : one 
eighteen inches from the centre, another on the smill 
end near the point, the third one half way between the 
others. Cross-bars are fitted on the face of each of these 
bearings, and secured by a cap screwed on behind, the 
bar next the centre eighteen inches long, the middle one 
twenty-four, and that at the point thirty inches long. 

The sails, made of tliin boards, are niiilcd upon these 
croBS-bars, which are placed upon the arms so that the 
^—Bail is not equally balnnccd, being only nine inches 
^Bjvide from the arm to the weather or foremost edge, while 
^Bhe extra width at the outer ends is all to the rear side 
^^of the arm. It will be seen by this arrangement that 
the sails, if not otherwise controlled, when exposed to the 
', would turn"their edges towards it, the long corner 
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being blown to leeward like the tail of the vane, or 
weathercock; this describes the principle by which 
this kind of wind-wheel is regulated and rendered safe. 
The sails thus hung are held more or less obliquely to 
the wind according to its intensity and the amount of 
power required, or left free to resume the weathercock 
position described, and when thus situated they have no 
power to turn even in a gale of wind. The power to 
regulate and control the sails is applied through the 
centre of the main shaft, which is made hollow for this 
purpose, and an iron rod with a double cross head, which 
makes four projecting arms, is poked through the hol- 
low until the cross arms are immediately in front of the 
sails; each of these arms is connected by a jointed rod 
or link to the rear corner of each sail. The central rod 
projects through the other end of the main shaft, and is 
pivoted to the end of a bent steelyard lever. A weight 
hung upon this lever, like that on a safety valve, gradu- 
ates the power of the wind and the work as required, 
and is removed to stop the machine. 

An old friction rod, or guide for a saw gate, makes a 
good shaft for a wind- wheel of this size and construc- 
tion. A thick disk of plank should be pinned on to the 
back side of the arms at the centre to strengthen and 
give sufficient bearing, as the arms should be left whole, 
except the small hole through which the regulating rod 
passes. Then an iron flange should be bolted on behind 
the wooden disk to fasten the whole together when 
keyed to the yhaft. A bevel wheel is placed on this 
shaft so as to gear into and traverse around a pinion of 
smaller size on the top of the upright shaft. The upper 
bearing of the upright shaft is in the centre of the cross- 
bar of the circular cap which supports the turn-table, 
and close below the piniun. A band of iron two inches 
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wide and three-eighths of an inch thick is put around 
tliia cap, standing nearly half ita width above tlie woud; 
this forms the track on which the table carrying tlie 
Tffind-wheel traverses. This table is set upon four rol- 
krs or sraall ca-st-iron wheels with grooves cut in them 
to 6t and hold upon the track. A clamp attached tu 
the table at each wheel, for eafety, passes down outside 
the track, and hooks Lwsely under the circular cap. A 
large vane or tail of thin boards is attached to the turn- 
table opposite the wind-wheel, to keep the latter fair to 
the wind, and is called a director. The bent lever al- 
luded to, for regulating the sails to the wind, has a pin 
throuf^h the corner for its fulcrum, a socket at the ehort 
perpendicular end, for the end of the regulating rod to 
turn in, and a weight hung on the long horizontal end, 
to be graduated to suit the wind and work. The motion 
can be tiiken from any part of the central upright shaft 
by a belt. If for a horizontal motion, the belt must be 
put on with a half twist, and the slack side brought to 
tiie proper line by a pulley set at an angle, the driving 
side being straight (see the article on belt grist-mills). 
Or a horizontal motion may be taken by bevel gearing, 
if required or preferred. A reciprocating or oscillating 
motion may be taken from any of these revolving mo- 
tions by a crank. 

A crank ia sometimes made in the centre, on the 
wind-wheel shaft, in place of the bevel wheels, and 
the motion transmitted down through a pitman and 
connecting rod, jointed together by a swivel; but the 
motion is too slow for ordinary purposes, and we have 
never seen this plan used except for pumping. When 
the power has to be transmitted to a greater distance 
than shafting, belts, or chains admit of, it can be easily 
and cheaply done through the medium of wire. If a 
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reciprocating, for sawing, churning, pumping or the like, 
it may be transmitted from one oscillating lever (walk- 
ing beam) to another, by connecting both ends of the 
two levers with wire, and giving out the motion as 
shown. 

If a revolving motion is to be transmitted, a continu- 
ous wire is used, and passed around two light wheels, 
but large in diameter, the wire in this case driving like 
a belt. Sometimes the wire is passed clear round the 
wheels in a groove, sometimes only half round, like a 
belt, and the groove edge of a tightener pressing it against 
the back of each wheel to give it sufficient bite ; but the 
best way is to cover the edge of both wheels with a 
strip of sole leather or Indian rubber, and the wire will 
hold sufficiently either cross or open banded, the weight 
of the stretches of wire suspended between giving suffi- 
cient friction and elasticity. 

By these wire connections a light and easy movement 
may be carried to a distance of several hundred feet, 
but when a single wire is used, the size of the wheels 
around which it works must be increased as the thick- 
ness of the wire is increased, because the bending of the 
wire must not be so acute as to permanently affect its 
elasticity. And when a considerable amount of power 
and velocity is thus transmitted, a wire rope made of 
several strands of small wire must be used. In all cases 
where the distance is very great, the slack of the wire 
must be held up by intermediate pulleys. 

By erecting a suitable wind-wheel on this principle, 
in a central situation, with a judicious distribution of its 
power by the means indicated, to the different buildings, 
all the operations about a farmer's premises may be per- 
formed in their turn by the same wheel, and a great 
amount of bard labor saved. 
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Tliis is a power that every person owning a farm or 
building possesses, altlmugli some luciililies are better 
situated tlian otiiers for obtaining a ateudy wind power, 
and we firmly believe if it were less common, and oc- 
curred only bere and there at wide intervals like water 
power, it would be more valued and more used. 

Sails made like those described are somelimes regu- 
lated by heavy cawt-iron balls hung to the outer end of 
each arm by bent levers, which turn the face of the 
Bails away from tbe wind by centrifugal force. Other 
sails are made of email pieces of thin boards hung in a 
frame similar to window blinds. These blinds are con- 
nected together at the edges by strips running the whole 
length of tbe arm, and nil moved at once by a centrifugal 
governor driven by the machinery inside. 

The oldest method we have seen is a wooden rack 
with a canvas sail spread upon it, the canvas being more 
or less twisted up or spread out at tbe inner end to vary 
tbe amount of surfiee exposed, according to tbe wind. 

These are sometimes furled or twisted up by a gover- 
nor driven by tbe machinery, but mure frequently this 
is done by liand. It will be observed that none of these 
methods of regulating have any control over tbe sails, 
except when under full motion, and are therefore of no 
use in stopping the machine or saving it in a gale when 
etanding idle. 

Sometimes the lath sails alluded to become so en- 
crusted with iqe, in a cold storm of rain and sleet, that 
the hundred journals upon which the slats turn are 
frozen firmly in their sockets, with no means of stopping 
the mill but by applying the brake, and a general break- 
'down is often tbe consequence. Such a condition of 
things prevents the furling of the canvas sails, and pro- 
duces a similar result. 
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If the dails of a windmill were placed with their faces 
perpendicularly to the wind, it would have no power to 
turn them either wav, therefore the sails must be set at 
a certain angle. This is called the weathering of the 
sails, and the degree of inclination should vary at dif- 
ferent distances from the centre. It is found in practice 
that the angle need not be varied much for the first 
half from the centre, on account of the interruption 
which the wind meets with from the hub and frame- 
work, and the close proximity of the different sails. An 
angle of about eighteen degrees with the plane of mo- 
tion will answer well for the inner half. From the cen- 
tre of the sail the angle should begin to diminish until 
not more than eight degrees at the extreme outer end. 
This furnishes a clue to the reason why such a wind- 
wheel revolves so much faster and stronger than one of 
equal area of sails will revolve horizontally. The verti- 
cal wind-wheel is held and revolves in the same plane, 
with the inclined face of every sail constantly exposed 
to the force of the wind throughout the whole circuit, 
and the velocity of its motion is thus screwed up beyond 
the velocity of the wind that drives it, and the number 
of its revolutions is increased in proportion to the ob- 
liquity of the inclined face of the sails. When the 
horizontal wind-wheel is compared with this kind, its 
disadvantages are apparent; in the first place the wind 
can only act upon one side, and that side receding away 
from the wind, while the opposite side must move di- 
rectly against it; then the velocity with which the 
working sails move must be deducted from the velocity 
of the wind, and the balance is all the velocity with 
which the wind can impinge upon the sails. And as 
the sails recede all on the same level, and near the same 
line, those behind intercept and break the force of the 
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wind before it strikes Ihe sails in advance, and tliiis in- 
Htead of intercepting the fuU furce of a c^-linder of wind 
equal to the whole circumference and area of tlie wheel 
like the other, the horizontal wheel only intercepts a 
portion of the area of one side, and even that ^■ide in a 
confufiod and broken manner. Add to all these dit^ad- 
vantages, the continual chinking and cracking of the 
Hailfl R9 ench one changes its face and edge alternately 
to the wind, in passing the two centres, jiIho their 
liability to get out of order, and the reason will he 
sufficiently obvioua why every experienced millwright 
condemns tliis method of applying the wind to drive 
machinery, and the horizontal wind-wheel is only used 
by amateurs or visionaries. 

Perhaps we might be able to convey a more intelligi- 
ble idea of the philosophy of the weathering or oblirjue 
action of the vertical sails, by comparing these to similar 
contrivam^es embracing the Fame principle, both in 
nature and art; the wings of a bird and the fins and 
tail of a fish exhibit the print:iple to perfection, but these 
being equally balanced, as attached to the fowl and fish, 
the identity is less apparent. A better illuatnition of 
the prinL'iple is shown by the revolutions of the seeds of 
the maple, and eome other forest trees, in descending 
from the branches to the ground ; each seed is furnished 
with a wing or fin (sail) resembling the wing of a dragon- 
fly, and as the seeds which grow in pairs break apart 
when ripe, and fall singly, the wing or sail revolves 
rapidly around the seed as a centre, and thus sails to a 
great distance from the tree before touching the ground. 
This is a mechanical provision, by which nature assists 
the wind to scatter those seeds over the earth, and no 
doubt furnished the aborigines of Australia with the 
idea which they developed in the boomerang. 
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The rapid facility of revolution which these winged 
seeds and the boomerang exhibit in their progress through 
the air, probably originated the idea of navigating and 
steering a balloon by means of similar revolving wings 
or sails, propelled by some light and strong motive 
power; and thi« idea has a better prospect of being suc- 
cessfully employed to accomplish that purpose than any 
other yet proposed. 

Perhaps a still better illustration of the power which 
the wind possesses to impart a rapid motion when ap- 
plied obliquely to the plane of that motion may be seen 
in its action upon the sails of a vessel on the water, or 
an ice boat on the ice. When the vessel or boat is 
moving in the same direction as the wind, its sails are 
in the same predicament as those of the horizontal wind- 
mill, thiit is, they are moving away from the wind, and 
their velocity is deducted from that of the wind as it 
impinges upon them, and the rear sails obstruct the 
wind and lessen its effect upon those in advance ; but 
when the vessel or boat is moving in a line obliquely to 
the direction of the wind, the sails are situated like those 
of the vertical windmill, that is, they are held to the 
wind by the keel ot the vessel, and the runners of the 
ice boat, as the sails of this kind of windmill are held 
by the shaft, and thus get the full unobstructed force of 
the wind upon each sail, with the increased velocity 
due to the obliquity of their position. 
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STEAM POWER. 



The application of eteam in propelling machinery has 
been bo much improved, and its production and manage- 
ment have been brought under such control, that it is 
rapidly approaching a degree of perfection that hits al- 
reatly enabled it to supplant, in a cerlaiu degree, all other 
motors, whether of wind, Water, or animals. This, with 
its adaptation to all situations where water and fuelcan be 
hiul, and its unlimited range as to the amount of power, 
will enable it to supersede the-se old motive powers still 
|Biore in the future than it does at the present time. 
P The wind, although it costs nothing, and is so univer- 
Bally distributed, is proverbially unsteady, and therefore 
not sufEciently reliable to drive the machinery for this 
progrea'iive age and nation. Water powers, although the 
eteadiest of all powers, occur ouly in a comparatively 
few localities, and these are often in remote, and fre- 
quently almost inaccessible situations, far from the great 
ventres of population, and therefore the greatest and 
Iwst water powers always have been, and possibly always 
will be, unoccupied. We have little to say of the com- 
parative convenience or cost of animal power, because 
■ the evident repugnance of the animals as they toil and 
^weat to give motion to machinery, will always tend to 
■event their general employment, where inanimate 
forces can be used. 

With regard to the comparative cost of any given 
mount of power to be furnished by these different mo- 
'27 
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tors, it is not possible to find any data that would be 
generally applicable for even an approximate estimate. 
Each particular situation, with all the circumstances and 
contingencies affecting it, must form an item in such cal- 
culations. 

The wind costs nothing, whatever amount may be 
used, but a suitable wind-wheel and machinery to em- 
ploy it are expensive ; then a building sufficiently high 
and substantial upon which to secure it in the neces- 
sarily elevated situation, with the vanes and machinery 
required to keep it right to the wind — these are items 
of first cost; then the expense of running and keeping 
it in repair. Against these expenses, the profits on the 
probable amount of work performed are to be placed, 
making due allowance for delays and the expense and 
loss when thus idle. 

It is still more difficult to estimate the actual average 
cost of a given amount of water power; the range of 
all the contingencies in each particular site being so 
much more varied. There is the dam, an important 
item ; then the excavation for the foundation and mill- 
race ; the building with its yard and approaches — these 
are frequently very expensive items; and lastly, the 
water-wheel and necessary machinery. These, when 
accurately found, and all added together, will show the 
first cost of the water power. To this must be added 
the probable expense of working and repairs. With this 
aggregate, the profits estimated, as in the other case, 
with due regard to contingencies, must be balanced and 
compared. 

The first cost and working expenses, as well as all the 
ordinary contingencies affecting the operation of a steam 
engine, of a power equal to these wind and water powers, 
can be more easily and accurately calculated, because 
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■educed to fixed rules of weight 
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tie stenm engine i 
and measure by wlii(;h ita cost and power may be rela- 
tively estimated. Its expenses in working, altbough 
mucb greater than either of the others, can also be more 
accurately figured up, as the contingencies are subject 
to human control in the engine, being nothing more than 
generating the proper supply of steam. 

In comparing and deciding upon the most suitable of 
these powers for a particular business, in a given locality, 
all the various items of expense, and all the contingen- 
cies affecting each, must be carefully noted as they occur 
in that hcalily; and when this is done by a competent 
person, having reliable data, it will be found that wind 
is the most economical for a certain business and loca- 
tion, water for another, and steam will be decided upon 
as the most suitable agent as often as both the others. 
With regard to the liability to accidents, the three may 
be put on a par; the probability and effect of a hurri- 
cane on a windmill, a freshet on n water-mill, and an 
explosion on a steam-mill being about equally balanced. 
In general terms, it may be said that where water 
power can be had to do the required work, it is to be 
preferred before all others. Where water power cannot 
be had without going into inconvenient situations, and 
fuel to generate steam is plenty, then a steam-engine ia 
preferable, as the free selection of the site ia often of 
uch more value than the fuel. For instance, a person 
.11 go back into an out-of-the-way ravine and build a 
^w-mill, where the clearing away and burning of the 
flabs and edgings will cost as much as the firing of an 
engine. Then all his lumber must be hauled out to 
tnarkct, and his supplies hauled in, his logs costing per- 
aps 08 much there as they would cost at a village or 
'depot, or navigable point of a river, where the slabs and 
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edgings would bring an annual revenue, which, with 
the cost of hauling saved, would make a handsome profit. 
Experience shows that the sawdust and waste bark are 
more than sufficient for the firing ; and the first cost of 
the steam-mill would generally be less than the other. 

When the work has to be performed in the absence 
of water power, and where fuel for the generation of 
steam is too scarce and dear, then the clearest and most 
elevated situation should be selected, and a windmill 
built of sufficient capacity. This will furnish a large 
amount of power in the course of a year, at little ex- 
pense ; but calculations must be be made to ^^ bide its 
time," and something provided to employ the hands 
while thus waiting. 

The various methods of applying water and wind for 
propelling machinery have already been mentioned ; the 
steam-engine furnishes the method of applying steam to 
that purpose. But we do not propose to give any par- 
ticular description of this motor, because its details are 
much better described by able engineers than we could 
expect to give them ; and the millwright has little busi- 
ness with it further than to set it in proper position and 
connect it, as he would a water or wind wheel, with the 
machinery to be driven. 

There are many different kinds of engines, and the 
makers generally furnish directions more to the purpose 
than we could give for setting their particular engine 
up and working it. We would therefore mention, as the 
most important point to be determined, after deciding 
to use steam, which of all the various kinds of engines 
will best suit the situation and circumstances ? If fuel 
be expensive and room valuable, then a flue or tubular 
boiler embracing more or less of the locomotive princi- 
ple should be used. We have seen a partly worn rail- 
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ay locomotive boiler, considered unsafe for the road, put 
> a stationary use, and answer a good purpose for many 
years. For driving a saw-mill or other wood working 
machinery that will furnish its fuel in sawdust or other 
refuse, or in the woods or coal regions, where fuel is 
cheap as well as room, a less delicate and more substan- 
tial form of boiler and en^ne, with a more capacious 
furnace and grate surface, will be more suitable. 

There is such a wide difference in the plan and con- 
etruction of the various engines, and boilers, and fur- 
nacea, and also in the kind of work and situation in 
which they are to be employed, that the selection of the 
kind most suitable in every respect ia an important 
question, which should never be decided by mere acci- 
dent, as it frequently is; but the assistance of a compe- 
tent person and reliable information should be had to 
decide this point. 

It may be said to be established by experience that 
Bteam cannot compete successfully with water power on 
equal terms, for driving heavy machinery, even where 
fuel is cheap. But the facility which steam power 
givea of selecting the most suitable situation for carry- 
ing on a particular business gives it a decided advantage 
over water power, especially for light machinery. A 
man in a city or village can set up a small engine, and 
thus enlarge his former business, or start a new one, 
with little or no expense for new buildings. A heavy 
business, as a grist-mill, may also be established where 
the saving of transhipment and hauling, added to the 
better market and enhanced value of the bran and offal, 
would give a good margin for profit in favor of steam 
over the nearest water power. 
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MERCHANT BOLT. 

CONSTRUCTED BT HENRT SMITH, Jk., MILWAUKEE, WISCONSIN. 



DESCRIPTION OP PLATES. 

Fio. 1. — Showing Machinery Posts and Pitch Lines of Wheels. 

A. Posts and caps, 6 x 10 inches. 

B. Bridge trees, with keys. 

C. Spur wheels of 140 teeth, 1 inch pitch, 2^ inches face, 3 

feet 8 inches and yVo diameter. 

a a. To drive upper reels for flour. 

h b. To drive lower reels, or return reels. 

cc. Main driving wheel; on same shaft is a spur wheel, 2>, of 
114 teeth, 1 inch pitch, 2 inches face, 3 feet jYo ^^^^ 
diameter, which connects with a spur wheel marked J?, 
of 60 teeth, 1 inch pitch, 2 inches face, which drives 
flour conveyor, being fastened in wooden conveyor 
shaft by a gudgeon. (See flgs. 5, 6, 7.) 

F. Intermediate spur wheels of 60 teeth, 1 inch pitch, 2 

inches face, 1 foot 7 ,^0 ^^^^ diameter. 

G. Spur wheels of 60 teeth, 1 inch pitch, 2 inches face, driv- 

ing return conveyor. On same shaft is a spur wheel 
marked J?, which has 60 teeth, 1 inch pitch, 2 inches 
face, 1 foot 4 inches diameter, which connects to a spur 
marked JET^, which is attached to cut-off con vey or. 

J. Floor place on joist marked K. 

L. Beams, 12 x 12 inches square. 
dd. Spur wheels driving dusting reels, which are driven by 
spur wheels marked N^ of 96 teeth, 1 inch pitch, 2^ 

(423) 
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inches face, 2 feet 6jYo inches diameter. This spur 
wheel is driven bj an upright shaflb running in front of 
chest, and connects with a pair of bevels at the shafl 
that drives wheel marked cc in upper chest. See fig. 5, 
KKj and LL. 
M, Spur wheels of 82 teeth, 1 inch pitch, 2 inches face, 2 feet 
2 xVo inches diameter. These two wheels drive conveyor 
for dustings. 

Fig. 2. — Showing the end of BoU Chest next to Machinery Posts^ 
which will be seen by comparing the Bridge trees^ except 
the lower one where the shaft rests in the Conveyor Case^ by 
means of a Box fitted into Conveyor end; this end of chest is 
the front, 

A. Posts and caps 8 x 12, with bridge trees marked B. 
C. This is the discharge end of upper reels or flour reels. 

E. This is a board partition around flour reel, giving the 

reel \ inch play ; all that is discharged from flour reels 
runs down spouts E^ into the return reels marked D. 

F. Are the cant boards leading flour in flour conveyor marked 

G. gg are 2x4 pieces put underneath cants F to stifien 
and support them. 

H. Is the support of flour conveyor, is a 2 inch plank made 
to rest on cant boards J, 

J, Are lower cant boards, supported in the centre by means 
of a 4 X 6 inches marked K^ bevelled on upper edge 
and resting on posts of 4x4 inches marked L. 

M. Return conveyor showing how cut-off spouts are con- 
structed. These cut-off spouts are placed at a distance of 
10 inches, and are 7 inches in the clear. This conveyor 
is for the purpose of grading returns. 

N. Cut-off conveyor receives all that is cut off from return 
conveyor and the middlings, also partly conveyor re- 
turns as seen in the side view fig. 5, and discharged 
by spouts bb into main meal elevator, and returns to 
cooler. 
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X, Discliarge spout from upper reel, and also feed spout for 

return reel A Compare E in fig. 2. 
Small 0g. 1 in side view are tbe two spur wheels marked 

(la in fig. 1. 2 ia spur wheel marked cc in fig. 2. 3 

ia spur wheel hh in fig, 1. 4 compare with ^in fig. 1. 

6 with Q in fig. 1. 6 with dotted lines D in fig. 1. 7 

with dotted liues E. 8 with dotted lines H\vi fig. 1. 9 

with_ffS"infis. 1. 
J ft. In fig. 6 is a conveyor that receives the flour from cheat 

by Bpout SS, and conveys the same into packer chest. 
Red lines in fig. 1 show distances in feet and inches, the 

same in fig. 5 show the centre of shafts. 
The arrows in fig. 5 show which way conveyors carry. 
The bridge trees are made of pine, 9 inches wide and 3 

inches thick, the boxes are let into the same, and are 4 

inches long, with an \ inch tenon on each end. 



Cap let Into bridg*- 




tree, } inch deep. 



0, In fig, 2 are the beams in mill building, 12 x 12. 

P. Dusting reels for bran and middlioga, P 1 is bran duster, 
on tail end of same ia 2 feet of wire cloth to remove 
dough balls, &c. &c., and prevent the same from enter- 
ing bran duster. They are discharged from chest by 
Bpout Y. The bran after it leaves reel drops in spout 
t7, to bran duster W, 
P 2, id middling duster, the dusted middlings drop from 
reel into spout R, to elevator 5, to be carried off the 
middling stone. 

p. Forms the discharge spout around reels or partition, as 
seen in side view fig. 6, marked Qg. 

T. Dusting conveyor, conveys all duatinga to main meal ele- 
vator and returns to cooler by apout 7*2, the dustings 
from conveyor marked T2, drop into a apout, and meet 
spout T2. 
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X. Girts to support conveyors, 4c. 4c. (See side view, P P.) 
Z. Partition between the reels made of one inch lumber, 

matched. 
F. 4 X 6 whole length of chest to support cant boards, 4c. 4c. 

Fig. 3. — Showing Bach of Cheat. 

A. Posts and caps in frame. 

B. Bridge tree, 6 inches higher than the bridge tree on front 

of chest. 
D, Flour reels, showing the head where flour enters from 
cooler by spouts (?. E^ forms speck box around reels, 
giving reels \ inch play, and made of 1 inch lumber, 
matched. (See fig. 6, a a.) This catches specks and 
drops them in the return conveyor by spout E. (See 
also W, in fig. 5.) 

F. Cant boards, 1 inch lumber matched, stiffened by 2 x 4, 

marked dd. 

G. Flour conveyor discharge by spout JJ, on fig. 5. (See 

spout s s,) 

J. Return reels lower end, or discharge end. The bran comes 
out of tail end, and is collected and dropped by parti- 
tion JT, and spout JT, from two reels in one dusting 
marked B. 

L, Bridge tree, 6 inches lower than at head. 

if. Cant boards. N. Return conveyor. 0, Middlings con- 
veyor. 

P. Middling spouts to middling duster. P 2 can be changed 
so as to come under conveyor, or to receive from con- 
veyor 0. 

B. Showing bran duster reel head, by circle lines. P 1, in 
fig. 2, is same reel. 

S. Middling duster reel. Conforms with P 2, in fig. 2. 

T, Bridge tree, 6 inches higher than same in fig. 2. 

V. Beam in mill. 
W. Partition between reels. 

JC. Cant boards, supported in centre by means of a 4x6 
marked Y. 
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Z. Dusting conveyors. (See T 1, and T 2, fig. 2.) 
a a. Girt, same as Xin fig. 2. 

Fig. 4. — Ground Plan^ shounng the placing of Posts of Framfi. 

A. Comer posts on chest, 3 x 12. (See side view A.) 

B. Sx6 Posts. (See fig. 5, small post marked A.) 

C. Machinery post, 6 x 10. (See fig. 1 A.) 

Fig. 5. — Side view of Chest. 

A. Posts of frame. 

B. Bridge trees, end view. 

C. Upper or flour reels. 
D. Return reels. 

^. Dusting reels. 

F. Flour conveyor with drop slides, as seen at 0; they are 
handled by small lines running over sheaves above 
every slide, and running out of chest at back end. 

H. Betum conveyor with cut-off slides, seen at h h, let in } 
in bottom of conveyor so as to make slide f of an 
inch thick. These slides are made to cut off returns 
if too coarse, and put into middlings by dropping into 
conveyor below marked t/*, which carries the same 
into middling duster reel by spout Z. Compare with 
P, in fig. 8. 

K. Betum spout, carrying returns to meal elevator. This 
spout runs through floor and along side lower reels 
and drops in conveyor N, and from conveyor N by 
spout F. (See T2, fig. 2.) Also back of spout Uin 
fig. 2, there is the same spout which runs into spout 
T2f in fig. 2, next to floor. 

X. Floor of mills laid double of 1 inch boards. 

J£. Joist 8x12. 

0. Girt extending the whole length of chest, supporting 
cross girts PP; this long girt is supported by small 
posts marked A 1, which are fastened to joists above, 
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Bull-'^fheel, 39, 207 


388, 888 




Burr stones, 293 


10 




Bushes, 285 
Bublness, lumber, 177 


•, 55 




Card cylinders, 400 
grinding, 401 


1,75 




Carding wool, 891 
Carriage of a sawmill, 200 
Cause of channels drying, 172 
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Central discharge wheels, 126 


tiog-cloth, 
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Centrifugal force, 60 
gun, 52, 61 
pump, 52 

Chain gearing, 168 


90 




Chute, 174 
Circle dress, 809 
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Circular motion, 60 
saw-mill, 286 
the edging, 244 

Cleaning grain, 841 


125 

» 
1 




the mill, 349 
Cloth dressing, 891 

fulling, 891 

press, 899 
Combination of IcTcrs, 25 
Comparatiye cost of powers, 417 
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Compressed air, 68 


to, 840 




Computing balance, 47 


ID of Stones, 833 


Construction of oyershot wheels, 106 
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Conveyor bolt, 887 
Cooler, 848 


% 837 




Cord and pulley, 40 
Crank, 42 
Crib-work, 166 
Cups of elevator, 835 


a 




Curb, 288 




• 


Curbs, accidents in, 186 


125 




Curved plate armor, 58 


J, 294 




Cylinders, card, 400 



balancing, 816 

>7 
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Damage to bolt cloth, 840 

Dams, 156 

Dansil, 281 

Description of merchant bolt plata, 428 

Direct rotary motinn, 71 

Disadvantages of windmills, 406 
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Draught of fdrrows, 802 
DressiDg cloth, 891 

stones, 296 

oatmeal atones, 856 
Driver, 276 
Drying oatmeal, 856 

process, 848 
Dutch cloth, 824 

mills, 154 

Eccentric, 46 
Edging circular, 244 
Eels, dogging wheels, 140 
Effect of friction, 64 
Elevator, 885 
Emery cylinders, 401 
Engine, recoil steam, 60 
Engines, 420 
English bolt, 822 

gate, 177 
Error in ploughing, 24 
Esopus stone, 298 
Estimation of central force, 58 
Eyener, 198, 202 
Experiments with wheels, 114 
Explosion of millstones, 888 

Facing stones, 296 

Falling water, Telocity o(^ 87 

Farm windmills, 408 

Feeding works, 286 

Feed-pole, 197 

Fender-posts, 196 

Filing a saw, 212 

Filling sills under water, 81 

Firing, 419 

Five-reel chest, 850 

Flutter-wheel, 96 

Fly-wheels, 46 

Force, centrifugal, 50 

Foundation for a dam, 162 

washing out, 82 
Frame, hopper, 289 
Friction, 63 

uses of, 65 
Fulling, 895 

cloth, 391 
Furrows, 802 

Littlejohn on, 818 

Gaining power, 188 

speed, 188 
Gang gate, 238 
Gnngs, 223 
Gate, English, 177 

gang, 233 

head, 185 
Gauges, 229 
Gearing a bolt, 884 

belt, 256 



Gearing ohidn, 168 

overshots, 256 
Gigging baek, 208 
Grain, parification of^ 848 
Grinding cards, 401 

oats, 859 
Grist-mills, 260 
Gnn, oentrifbgal, 62, 61 

recoil of; 69 

iteam, 60 

Hanging oatmeal etonos, 866 
Hare's mill, 142 
Head gate, 186 
Heating avoided, 849 
Holland miUs, 164 
Hopper, 288 
Hopper-boy, 824 
Horse-tread powers, 65 
Howd's wheel, 188 
Hulling barley, 866 
Husk timbers, 267 

Ice, eare agdnst, 208 
Improvement in drying oats, 
Improvements in bolting, 8^ 
Inclined plane, 29 

Jack-screw, 86 
Jonval wheel, 148 
Jordan's mill, 142 

Kiln for oatmeal, 864 
Kinds of levers, 20 

Lachine water-wheel, 97 
Law of motor power, 62 
Leffcl's turbine, 136 
Leloup on compressed air, 76 
Levels, taking, 79 
Lever, 20 

Little giant wheel, 189 
Littlejohn on furrows, 813 
Live gang, 228 
Log dams, 157 
toble, 247 
Lubricators, 64 
Lumber business, 177 



Machines for cleaning grain, 842 

shearing, 397 
Manufacture of split peas, 864 
Manufacturing bolts, 846 
McKenxie's barley mill, 876 
Meal, cooling the, 848 
Measuring a stream of water, 92 
Mechanical powers, 17 
Merchant bolts, 346, 428 
Messenger's gearing, 259 
Middlings, 801 
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Mm. Adams', 142 

barley, 866 

dams, 156 

falling, 895 

Hare's, 142 

Jordan's, 142 

Laohine, 97 

oatmeal, 868 

race, waehing out, 82 

Rood's, 142 

spindles, 271 

stones, 298 

explosion of, 888 

Tacker's, 141 
MUls, Dutch, 164 

grist, 260 

saw, 177 

wind, 402 
Motion, circular, 60 
MotiTe power, transnusslon of, 66 
Motor power, law of, 62 
Mnlley saw, 190, 216 
Moskrats in wheels, 141 

Oar, action on water, 65 
Oatmeal mill, 863 

sifter, 861 
Object in bolting, 847 
Objection to undershot wheels, 99 
Objections to windmills, 405 
Oils, lubricating, 64 
OTorshot grist-mills, 268 

wheel, 100 
Orershots, gearing, 266 

Packing, 284 , 

Paddle-wheel, 95 

Pearl barley, 882 

Peas, split, manufacture, 864 

Peculiarities of water, 76 

Piers, 171 

Piston, Lelonp's, 75 

Pitman, 198 

Plane, inclined, 29 

Ploughing, error in, 24 

Powder, recoil against water, 60 

Power for a saw, 241 

gaining, 188 

law of motor, 62 

of undershot wheels, 97 

transmission of motiTe, 66 
Powers, horse-tread, 66 

mechanical, 17 

to gain, 27 

transportation of, 66 
Precautions in building a saw-mill, 
Press, screw, 85 

the cloth, 899 
Pressure of water, 84 
Properties of water, 76 



209 



Pulley and cord, 40 
Pull-wheel, 89, 207 
Pump, centrifugal, 62 
logs, boring, 126 
Punching a screen, 345 
Patting the cloth on the reel, 829 

Quarters on stone, 807 

"Kake" for saws, 211 
Rapids, wheels for, 98 
Rate of overshot wheel, 108 
Reaction, 54 
Recoil of a gun, 59 

steam-engine, 60 
Reel, 828 

Removing beards, 825 
Retarding effect of friction, 64 
Revolutions of bolt, 884 
Riche's wheel, 139 
Ring wheel, 189 
Rock and burr stones, 294 
Rocker, 197 
Rocks, blasting, 60 
Rods to transmit motion, 67 
Rood's mill, 142 
Rose wheel, 149 
Rotary motion, direct, 70 
Round hopper, 291 
Rule for laying out dress of stone, 800 

for selecting stones, 296 
Rules for the hopper, 290 
Running stone, 276 

Sails of windmills, 418 
Sash, saw-mill, 196 
Saw, circular, 285 

mills, 177 

mulley, 190 

"rake" for, 211 

setting and filing, 212 

the mulley, 216 
Scouring grain, 841 
Screen for smut, 844 
Screw, 84 

conveyor bolt, 887 

flood wheels, 160 

press, 86 
Scroll, marking a, 205 
Selecting stones, 296 
Selection of bolting- doth, 881 
Setting a saw, 212 

circular saws, 248 
Shafting, 66 
Shaking screen, 844 
Sharpening circular saws, 248 

shears, 898 
Shearing-machine, 897 
Shelling oats, 866 
Shoe, 292 
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Sickle dress, 809 
Sifter, oatmeal, 861 
Sills, fitting onder water, 81 
8ix-reel ehest, 85U 
Slabbing gang, 224 
Slide for logs, 208 

of a dam, 174 
Sluicing, 82 
Smith's gearing, 256 
Smat, 848 
Smot-machine, 841 

mills, 844 
Soper stone, 298 
Sowens, 862 
Sqaare hopper, 290 
Shear sharpening, 398 
Speed, gaining, 188 
Speck box, 889 
Spindles, 271 

Spiral discbarge wheels, 145 
Split peas, manufacture of, 864 
Steam gun, 60 

power, 417 

recoil engine, 60 
Step, 271 
StiflF ryne, 281 
Stock gang. 224, 227 
Stone, balancing, 815 

dams, 163 
Stones, bed, 274 

divided bj wedges, 88 

for oatmeal, 856 

mill, 293 

running, 275 
Stream of water, measuring, 92 
Substitutes for bolting-cloth, 325 
Suction fan, 349 

Table for edging saw, 244 
Tables, log, 247 

of Telocity of water, 89 
Tail-block of a sawmill, 202 
Taking levels, 79 
Tallow as a lubricator, 64 
Teeth of a saw, 212 

of circular saw, 244 
Tenter bars, 896 
Thimbles, 277 
Thread of screw, 36 
Track of a saw cnrriage, 201 
Transmission of motive power, 66 
Transportation of power, 66 
Trombe, 76 
Trough bolt, 838 
Tucker's mill, 141 



Turbine, LeffePs, 186 
Tyler wheel, 189 

Undenhot wed, 94 
Uses of fHction, 66 

Variations in bolts, 850 
Velooitj of falling water, 87 

Washing out a mlU-raee, 82 
Water as a lobrioator, 64 

bellows, 76 

measuring a stream of, 92 

peculiarities, &c. of, 76 

preferable as a power, 419 

pressure of, 84 

recoil of, 60 

reooil of powder against, 60 

sills under, 81 

Telocity of &lling, 87 

ways, 188 

wheels, 94 
Ways, water, 188 
Weathering windmill saila, 415 
Wedge, 82 
Wheel and axle, 88 

Barker's, 117 

Howd's, 188 
• little giant 189 
I Riche's, 139 

overshot, 100 

the Jonval, 143 

Tyler, 189 

undershot, 94 
Wheels, balance, 46 

central discbarge, 125 

choked, 140, 141 

experiments with, 114 

fly. 46 

pull or bull, 207 

ring, 139 

rose, 149 

screw flood, 150 

spiral discharge, 145 

water, 94 

wrag, 198 
Whipple's sluicing, 82 
Windmills, 402 
Wooden gang gate, 234 
Wool-carding, 391 
Working up middlings, 851 
Wrag-wheel, 198 

Yankee gang, 228 
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ABLOT.— A Complete Guide for Coach Painters. 

Translated from the French of M. Arlot, Coach Painter; for eleven 
years Foreman of Painting to M. Eherler, Coach Maker, Paris. By 
A. A. Fesquet, Chemist and Engineer. To which is added an Ap- 
pendix, containing Information resi>ecting the Mat^ria's and the 
Practice of Coach and Car Painting and Varnishing in the United 
States and Great Britain. 12mo $1.25 

ABMENGAUD, AMOBOUX, and JOHNSON.— The 
Practical Draughtsman's Book of Industrial De- 
sign, and Machinist's and Engineer's Drawing 
Companion : 

Forming a Complete Course of Mechanical Engineering and Archi- 
tectural Drawing. From the French of M. Armengand the elder, Prof, 
of Design in the Conservatoire of Arts and Industry, Paris, and MM. 
Armengaud the younger^ and Amoroux, Civil Engineers.* Rewritten 
and arranged with additional matter and plates, selections from an<i 
examples of the most useful and gcnerallv eraploved mechanism of 
the day. By William Johnson, Assoc. Inst. C. k.. Editor of " The 
Practical Mechanic's Journal." Illustrated by 50 folio steel plates, 

and 50 wood-cuts. A new edition, 4to $10.00 
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ABBOWSMITH.— Faper-Hanger'8 

A TreatitM! in which the Practical Operations of the Trade are Stb- 
tciiiatically laid down : with Conioiu Directions Preparatorv to Papo^ 
inji^; Proven ti veM a^iii8t the Effect of Damp on >V alls ; the Vanoin 
Otuents and Paotea Adapted to the Several Purpocies of the Trade; 
OlmervationH and Directions for the Panelling and Ornamenting of 
H(K»ni9, etc. liy Jamks Akkovtsmith, Author of *' Analysis of I)n> 
pery," etc. 12mo., cloth $1^ 

ASHTON.— The Theory and Practioe of the Art of De- 
signing Fanoy Cotton and Woollen Cloths from 
Sample : 

GiTinj^ffull InstructionB for Reducing Drafts, as well as the Methods 
of Spooling and Making out Harness for Cross Drafts, and Finding 
anv Uequirud llccd, with Calculations and Tables of Yam. By 
FREDKRit'K T. AsHTON, Designer, West Pittafield, Mass. With 52 
Illustrations. One volume, 4to |10.00 

BAIBD.— Letters on the Crisis, the Currency and the 
Credit System. 

By IlENKY Carey Baird. Pamphlet 05 

BAIRD.— Frot3.etion of Home Labor and Home Pro- 
ductions necessary to the Prosperity of the Ameri- 
can Farmer. 
By IIknry Carey Baird. 8vo., paper 10 

BAIRD.— Some of the Fallacies of British Free-Trade 
Revenue Reform. 

Two Letters to Arthur Latham Perry, Profewtor of History and Poliri- 
cal K<'(ui<»niy in Williams CoUcije. By IlKNRY Carey Bairp. 
Pamphlet. '....• 05 

BAIRD.— The Rights of American Producers, and the 
Wrongs of British Free-Trade Revenue Reform. 
By IlENKY Cakky Haikd. Pamphlet 0-5 

BAIRD.— Standard Wages Computing Tables : 

An Improvement in all former Metlnxls of CompuUitlon, so arraneP*! 
that waijes for «lavs, hours, or fraetions of hours, at a S]K*oifie<l rat*? i»«t 
(lay or hour, may Lo it'^eertained at a glance. By T. 8i»axgli:k Bairp. 
Oblong folio .' . , , ijO.lK) 

BAIRD.— The American Cotton Spinner, and Mana- 
ger's and Carder's Guide : 

A Practical Trcitise on ('ott(»n Spinnins:; pivinir the Dimensions an«i 
Speeil of Machinery, Drauu'ht an<l Twist Calculations, etc.; with 
notice** of rt'cent l!nprovelMellt«^ : toircther with Rules and Kxaniples 
for makini; (;iiant;es ir\ tlic sizes an«l numl>ers of Rovini: an<l Yarn. 
Comi)ile<I from the papers of the late Kobkrt H. Baird. li'mo. $1.30 
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BAKEB.— Long-Span Bailway Bridges : 

Comprising Inve>tigation8 of the Comparative Theoretical and Prac- 
tical Advantages of the various Adopted or Proposed Type Systems 
of Construction ; with numerous Formulse and Taoles. By B. Baker. 
12mo ^.00 

B AUEBMAN.— A Treatise on the Metallurgy of Iron : 

Containing Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and 8teel, etc., etc. By U. Bauerman, F. G. S., Associate of the 
Royal School of Mines. First American Edition, Revised and En- 
larged. With an Appendix on the Martin Process for Making Steel, 
from the Report of Abram S. Hewitt, U. S. Commissioner to the 
Universal Exposition at Paris, 1867. Illustrated. 12mo. . $2.00 

BEANS.— A Treatise on Bailway Curves and the Loca- 
tion of Railways. 
By E. W. Beans, C. E. Illustrated. 12mo. Tucks. . . $1.50 

BELL.— Carpentry Made Easy : 

Or^ The Science and Art of Framing on a New and Improved System. 
With Specific Instructions for Buildinf^: Balloon Frames, Barn Frames, 
Mill FrameSj Warehouses, Church Spires, etc. Comprising also a 
System of Bndgc Building, \Fith Bills, Estimates of Cost, and valuably 
Tables. Illustrated by 38 plates, comprising nearly 200 figures. By 
William E. Bell, Architect and Practical' Builder. 8vo. . $5.00 

BELL.— Chemical Phenomena of Iron Smelting : 

An Experimental and Practical Examination of the Circumstances 
which determine the Capacity of the Blast Furnace^ the Temperature 
of the Air, and the proper Condition of the Materials to be operated 
upon. By I. LowTHiAN Bell. Illustrated. 8vo. . . $6.00 

BEMBOSE.— Manual of Wood Carving : 

With Practical Illuatrations for learners of the Art, and Original and 
Selectefl Desijjns. By WiLLiAM BemrosEj Jr. With an Introduction 
bv Llewellyn Jewitt, F. S. A., etc. With 128 Illustrations. 4to., 
cloth. ........... $3.00 

BICKNELL.— Village Builder, and Supplement : 

Elevations and Plans for Cottaees, Villas, Suburban Residences. 
Farm II(»U8es, Stables and Carriage Houses. Store Fronts, School 
nouses, Churches, Court Houses, and a model Jail ; also. Exterior and 
Interior details for Public and Private Buildinirs, with approved 
Forms of Contractu and Sj)ecificfltion8, including Prices of Building 
Materials and Labor at Boston, Mass., and St. Ix>uis, Mo. Containing 
75 plates drawn to scale; showing the style and cost of building in 
different sections of the country, being an original work comprising 
the designs of twenty leading architects, representing the New Eng* 
Ifl^d, Middle, Western, and Southwestern States. 4to. . $12.00 
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BLSNKABN.— Praotioal Speollloationii of Woiki en- 
oated in Arohiteoture. Civil and Mciehanloal Engi- 
neering, and in Boad Making and 8ew«ring: 

To which are added a iieries of practically uaeliil Agreemenii and Ife* 
ports. By Joux Blenkabx. lUuttrated by 15 luge folding pliM. 
8vo IMI 

BImITSTN.—A Praotioal Workshop Companion for Tiii, 
Sheet-Iron, and Ck>pperplate Workers : 

Containing Rulen for describing ▼arioaa kinda of PMftenu and hf 
Tin, Khcet-lron, and Copiicr-plate Workera; Praetleal Gconetrr; 
Mcnuuration of Surfacen and Solids; Tablet cf the Weighti of llct^ 
l.«ud Pipe, etc. ; Tables of An-aa and CircniDlbreiioea of drelci; 
Japan, N amisheff, I^jicken. (Vnients, Compodtiona, etc. etc. • Bf 
Lkroy J. BI.INX, Master Me«.hauic. With OTer 100 IIliutntioaL 
12mo ISJO 

BOOTH.— Marble Worker's Mannal : 

Containing Practical Information resi^Mctin^ Marblea in general, their 
Cutting, Working, ami Polishing; \eneenng of Marble; HoMiea; 
Coni|M)8ition and I'se of Artificial Marble, Stooeoa, Cementa, ReeeipCiy 
Secrets, etc., etc. TranslAted from the French fcnr If. ll Booth. 
With an Appendix concerning American Marbles. 12nio., doth. $L50 

BOOTH AKD MOBFIT.— The Bnoyolppedia of Che- 
mistry, Practical and Theoretical : 

Embracing its application to the Arts, Metalluiinr» Mineralogy, Ge- 
olofcy. Medicine^ and Pharmacy. By J AXES C. BOOTH, Melter and 
Kctiner in the luited iStates Mint, Professor of Applied Chemistry in 
the Franklin Institute, etc., a«<HiMted by CAMPBELL MOBFIT, anthor 
of ** Chemical ManipulatioDN," etc. I^venth edition. Royal 8ro., 
1^78 i»ages, with numerous woodcuts and other illu^trmiiona. • i5M 

BOX.— A Practical Treatise on Heat: 

As uppIitMl to the Useful Arts ; for the Use of Engineers, Architects, 
ete. JJy Thomas Hox, author of " Practical Hydraulics." Illnstrated 
by 14 plates coataiuing 114 figures. 12mo. .' . . . ^4J15 

BOX.— Practical Hydraulics : 

A Series «>f Kules and Tables for the use of Engineers, etc. Bt 
Thomas Hox. 12mo $2.ab 

BROWN.— Five Hundred and Seven Mechanical 
Movements : 

Kiubnieiu)? ull thoKC which are most important in TVvnamics, Hydrau- 
lies, IIydroHf«tic«, Pneumatics, Steam Lngines, Milf and other* Gear- 
Ui'z, Prt'snes, Hon>loiry, and Misct^llaneous Machinery; and including 
many movements never Iwfore published, and sevenil «tf which have 
only* recently eome into use. liv Hexry T. Brown, £iAN(or of the 
'* Amcrieaii Artisau." lu one volume, PJma . . ^ $HM) 
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BUCKMASTEB.— The Elements of Meehanioal Phy- 
sics : 

By J. C. BucKMASTEB, late Student in the Qovernment School of 
Mines ; Certified Teacher of Science by the Department of Science 
and Art ; Examiner in Chemistry and I^hysics in the Royal CoU^e 
of Preceptors ; and late Lecturer in Chemistry and Physics of the 
Royal Polytechnic Institute. Illustrated with numerous engravings. 
In one volume, 12mo $1.50 

BULLOCK.— The American Cottage Builder : 

A Series of Designs, Plans, and Specifications, from $200 to $20,000, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Painting, and Landscape Gardening. By John Bullock, 
Architect, Civil Engineer, Mechanician, and Editor of " The Rudi- 
ments of Architecture and Building,'' etc., etc. Illustrated by 75 en- 
gravings. In one volume, 8vo $3.50 

BULLOCK. — The Hudiments of Architecture and 
Building : 

For the use of Architects, Builders, Draughtsmen, Machinists, Engi- 
neers, and Mechanics. Edited by JOHN BULLOCK, author of " The 
American Cottage Builder." Illustrated by 250 engravings. In one 
volume, 8vo $3.50 

BURGH.— Practical Illustrations of Land and Marine 
Engines : 

Showing in detail the Modem Improvements of High and Low Pres- 
sure, Surface Condensation, and Super-heating, together wit i I^nd 
and Marine Boilers. By N. P. Buiigh, Engineer. lUustrrted by 
20 plates, double elephant folio, with text . . . . $21.00 

BURGH.— Practical Rules for the Proportions Oi Mo- 
dern Engines and Boilers for Land and Marine 
Purposes. 
By N. P. Burgh, Engineer. 12mo $1.50 

BURGH.— The Slide- Valve Practically Considered. 

By N. P. BuRGii, Engineer. Completely illustrated. 12mo. $2.00 

BYLES.— Sophisms of Free Trade and Popular Politi- 
cal Economy Examined. 

Bv a Barrister (Sir John BxVRNARD Byles, Judge of Common 
Pleas). First American from the Ninth English Edition, as published 
by the Iklunchester Reciprocity Association. In one volume, 12mo. 
Paper, 75 cts. Cloth $1.25 

PYKN.— The Complete Practical Brewer : 

Or Plain, Accurate, and Thorough Instructions in the Art of Brewing 
Beer, Ale, Porter, including the Process of making Bavarian Beer, 
all the Small Beers, such as Root-beer, Ginger-pop, Sarsaparilla- 
beer, Mead, Spruce Beer, etc., etc. Adaptefl to the use of Public 
Brewers and Private Families. By M. LA Fayettk Byrx, M D. 
With illustrations. 12mo $1.29 
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B YRN.— The Complete Praotical Distiller : 

CoiiiprLsing the iiioHt |»erfi'ct and exact Theoretical and Practical De- 
RiTiption of tiio Art ot Distillation and Rectification; including all of 
the inoKt recent iniprovenientA in diRtilliug amioratas; in8tructioii& 
for pn'paring Hpiritji from the numerous ve^etaoles, fruits, ete.; dirce- 
tions forthe distilhition and prc{iaration of all kinds of brandicB and 
other s])irit8, spirituous and other eoniponnds, etc., etc. By M. La 
Faykttk Hykn, M. D. Eighth Edition. To which are addecL Pnc- 
tieul Directions for Distilling, from the French of Th. Fling, Brewer 
and Distiller. 12mo $1.50 



BYRNE.—Handbook for the Artisan^ lCechaxiic» and 
Engineer : 

Comprising the (irindinc: nml Shar])ening of Cutting TooIa. Abranve 
PnKHvsses, I^ipidary Work, (iem and Glass Engraving, Narnishior 
and Lackering, Ap'iuirutus, Materials and Prwesses for Grinding ana 
Polishing, et<\ liy Guvkk Byiine. . Illustrated by 185 mood en- 
gravings. In one volume, bvo $5.00 



BYBNE.— Pocket Book for Railroad and Civil 
neers: 

Containing New, Exact, and Concise Metho<l8 for Laying out RaH- 
road Curves, Switches, Frog Anglw, and Crossings': the Staking 
out of work ; . Levelling ; the Calculation of Cuttings ; Embankments ; 
l':arth-work, etc. J)y Oliver IU'KNE. 18mo., full bound, pocket- 
book form $1.75 

BYBNE.— The Practical Model Calculator: 

For the Engineer, Mechanic, Manufacturer of Engine Work, Naval 
Architect, Miner, and Millwright. Ky OLIVER BYRNE. 1 volume, 
8vo., nearly GOO pages $4.50 

BYRNE.— The Practical Metal- Worker's Assistant: 

Comprising Metallur^'lc Clicmistry ; the Arts of Working all Metals 
jmd Alloys; F(>rging of Inm and Steel ; llanhfniiig and TenijH'rimr ; 
Mcltini,' and Mixing; Casting and Founding; Works in Sheet Metal; 
The Proct'ssi's Dr|MndiM»t. on thi? Ductility of the Metals; Soldering; 
and the most IninroviMl Processes and Tools cniployetl bv Metal- 
W<»rk«'rs. With tlu» Apulication of the Art of Ehvtro-Metallurgy to 
Manufacturing PnK'esses; (MdleettM I from Original Sources, and fn>m 
the \V<»rks of Il«»ltza|>lU'l, lU-ru'cron, Leupold, Plumier, Napier, 
S<toinrn, (lay, Fairhairn, and others. \W Olivkk Bykxk. A new, 
revi^icd, an<l improved edition, to which is added An A])pcndix, eon- 
taining TiiK MAMrAcTi KK oK KrssiAX Sheet-Ikon. Hy John 

PKU( Y, M. 1)., F.Pv.S. TlIK MANTFAfTrRK OF MaLLEAKi/k IKON 

Castings, and iMruovF-MKNTs ix Hpxskmek Steel. Hy A. A. 
FKstii'KT, Chemist and l^n-riiieer. With over (KHi Enirravingsi, illus- 
trating every IJraneh <»f the Suhjeet. «vo ;?7.tH.> 

Cabinet Maker's Album of Furniture : 

Coni]»risinir a Coll^etion of Desiirns for Furniture. Illustrated by -IS 
Large and Beautifully Engraved Plates. In one vol., oblong $s5.UU 
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CAIiLINGHAM.— Sign Writing and Glass Emboss- 
ing: 

A Complete Practical Illustrated Manual of the Art. By James 
Callinouam. In one volume, 12mo. . . . . . $1.50 

CAMPIN.— A Fraotioal Treatise on Mechanical Engi- 
neering : 

Comprising Metallurgy, Moulding^ Casting, Forging, Tools, Work- 
shop Machinery, Mechanical Manipulation. Manufacture of Steam- 
engines, etc., etc. With an Appenaix on tne Analysis of Iron and 
Iron Ores. By Francis Campin, C. E. To which are added. Obser- 
vations on th'e Construction of Steam Boilers, and Remarks upon 
Furnaces used for Smoke Prevention ; with a Cnanter on Explosions. 
By R. Armstrong. C. E., and John Bourne. Rules for Calculating 
the Change Wheels for Screws on a Turning Lathe, and for a Wheel- 
cutting Machine. By J. La Nicca. Management of Steel, Includ- 
ing Forging, Hardening. Tempering, Annealing, Shrinking, and Ex- 
pansion. And the Case-nardening of Iron. By G. Edb. 8vo. Illus- 
trated with 29 plates and 100 wood engravings . . . $6.00 

CAMPIN.— The Practice of Hand-Turning in Wood, 
Ivory, Shell, etc. : 

With Instructions for Turning such works in Metal as may be re» 

auired in the Practice of Turning Wood, Ivory, etc. Also, an Appen- 
ix on Ornamental Turning. By Francis Campin ; with Numerous 
Illustrations. 12mo., cloth $3.00 

CAREY.— The Works of Henry C. Carey : 

FINANCIAL CRISES, their Causes and Effects. 8vo. paper . 25 

HARMONY OF INTERESTS: Agricultural, Manufacturing, and 
Commercial. 8vo., cloth $1.50 

MANUAL OF SOCIAL SCIENCE. Condensed from Carey's *' Prin- 
ciples of Social Science." By Kate McKTea^I, 1 vol. 12mo. $2.25 

MISCELLANEOUS WORKS : comprising " Harmony of Interests*" 
" Money," " Letters to the President," ^' Financial Crises," " The 
Way to Outdo England Without Fighting Her," "Resources of 
the Union," "The Public Debt," "Contraction or Expansion?" 
" Review of the Decade 1857-'67," " Reconstruction," etc., etc. 
Two vols., 8vo., cloth ^10.00 

PAST, PRESENT, AND FUTURE. 8vo $2.50 

PRINCIPLES OF SOCIAL SCIENCE. 3 vols., 8vo., cloth $10.00 

THE SLAVE-TRADE, DOMESTIC AND FOREIGN ; Why it Ex- 
ists, and How it may be Extinguished (1853). 8vo., cloth . $2.00 

LETTERS ON INTERNATIONAL COPYRIGHT (1867) . 50 

THE UNITY OF LAW : As Exhibited in the Relations of Physical, 
Social, Mental, and Moral Science (1872). In one volume, 8vo., 
pp. xxiii., 433. Cloth $3.50 

CHAPMAN.— A Treatise on Bopemaking: 

As Practised in private and public Rope yards, with a Description 
of the Manufacture. Rules, Tables of Weights, etc., adapted to the 
Trades, Shipping, Mining, Railways, Builders, etc. By ROBEBT 
Chapman. 24mo $1.50 
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COIiBUBN.— The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimatiii^ its Capa- 
bilities, and Practical Observations on its Construction and Mansi;e- 
meut. Jiy Zekau Coluurn. Illustrated. A new edition. 12mo. ^i.:f5 

CBAIK. — The Fraotieal American Millwright and 
MlUer. 

By David Craik^ Millwright. Illustrated by numerous wood en- 
gravingH, and two folding plates, tivo $5.00 

DE ORAFF.— The Geometrical Stair Builders' Guide: 

Being a Plain Practical System of Hand-Railing, embracing all its 
necessary Details, and Geometrically Illustrated by 22 8ieel Engrav- 
ings ; together with the use of the most approved principles of Prac- 
tical CJeometr}'. By SiMON De Gbaff, Architect. 4to. . $5.U0 

X)E KONINCK.—DIETZ.— A Practical Manual of Che- 
mical Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast Iron, 
Wrought Iron, and Steel, as found in Commerce. Bv L. L. De Kox- 
IXCK, Dr. Sc, and E. DiETZ, Engineer. Edited with Notes, by Robert 
Mallet, F.U.S., F.S.G., M.I.C.E., etc. American Edition, Edited 
with Notes and an Appendix on Iron Ores, by A. A. Fesqcet, Chemist 
and Engineer. One volume, 12mo $2.50 

DUNCAN.— Practical Surveyor's Guide: 

Containing the necessary information to make any person, of common 
capacity, a finishe*! land surveyor without the aiii of a teacher. By 
Andrew Duncan. Illustrated. l2mo., cloth. . . . $1.23 

DXJPLAIS.— A Treatise on the ManuilEu;ture and Dis- 
tillation of Alcoholic Liquors : 

^Compriving AeonrfUe and romplcte Details in Regard to Alcohol from 
Wine, Molasses, Hects, (imin, Uioe, Potatoes, Sorghum, Asphodel, 
Fruits, etc. ; with the Distillation and Rectification of Brandy, AVhisi- 
key, Kimi, (Jin, Swiss Absinthe, etc., tlie Preparation of Aromatic Wa- 
ters, Volatile Oils or Kssonces, Snirars, Syrups, Aromatic Tinctures, 
Lioueurs, Cordial Wines, Kfferveseinc: Wines, etc., the Aging of Branily 
and the improvement of Spirits, with ('oi>ious Direetiois and Tables 
for Testing and Keducimr Spirituous Liquors, etc., etc. Translated 
and K<lited from the Frtuch of MM. Dri»LAls, Aine et Jeune. By 
M. McKknnik, M.D. To which are added the United States Internal 
Revenue Regulations for the Assessment and Collection of Taxi*s on 
Distillid Spirits. Illustrated hy fourteen folding plates and several 
woo<l eiiLrravings. 74.'i pp., 8vo $I0.(>0 

DUSSAUCE.— A General Treatise on the Manufacture 
of Every Description of Soap : 

Com|^>rising the Chemistry of the Art, with Remarks on Alkalies, Sa- 
pouitmhle Fatty Hodies, the appjiratus necessary in a Soap Factory, 
Practical liiKtructi(>ns in tiic lUMiiufncture of the various kinns of Soup, 
tlu* Mssay of Sojips, etc., etc. K<litcd from Notes of Larrtie, Fontenelle, 
^falapayrc. Dufour, an<l others, with lartre and important additions by 
Prof 11. DrsSAUCE, Chemist. Illustrated. In one vol., Svo. . $10.1H) 
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SUSSAUCE.— A G-eueral Treatise on the Manufkcturo 
oi' ViQGgar : 

Thfuretiuul and Practical, Coruprialni; Ibe mrioua Mt^llimlg, lir the 

Slow ftuii liiK ynioK iTucBssM, wiili Altiliol, Wine, Gniiu Unit, Cider, 

s«fB9, uihI buew ; »a wnlliiathe FRliricaiion of Wood Viiiegar.eW,, 

Bf Prof. U. Dl'ssauce. In oue vulume, Bvo. . . $5.00 

PUSSAUCE.— A STew aad Complete Treatise on the 

Arts or Taaoing, Cui'ryiug, and Leather Dressing: 

Comprising all Iliv Diaunverici and ii>i|>r{)Vr.'n>?ii<a made in France, 
Great Britain, aud the United Slates. Lditod fruia Kol*9 nnd Docu- 
menta of Meaara. Ballerou, Grouvitlle, Duvul, IKasuhleB, Ijibarraque, 
Payea, Ueaf, Oe B'unlcneiie Maluptyre, etc., eu. By Prof. U. DUB- 
UL'CB, Cbemiat. llliistrated by 21 J wood engraviDga. Svo. (S5.00 

PUSSAUCB.— A Practical Guide for the Perftimer : 
_ Being a New Treatise f n Perfumerv, the most Airarable to IHp Id-nutf 
L Vitbiiiit b^ng injurious to the lledith, comprieing a Defn'rijitiiin ul the 
I BntiBlnnces used m Perfumery, the Formula of innre thno lOUU PrepD- 
I mtiooa, Buch ai t'osnietict. Perfumed Oili, Tooth Powders, Waii-ra, 
P EztnLCte, Tindures, lafnginuB, Siiirits, Vinaii^M, Ecseatiol OiLi, I'as- 
I tel». Creams, Soaps, and many new Hygienic PmduelB nnt hitherto 
deMirihe.!. Edited fn.m Notiw and D.rtminents nf Messrs. Dcbay, 1,3- 
Del.vlc. WithadditionsbyProf.ii.DussAUtu.fhemifit. VJmo. f3.00 

DUSSAtrCE,— Practical Treatise on the Fabrication 
of Uatchea, Quu Cotton, and Fulminating Powders. 

By Prof. n. DrssAUCB. 12dio *3.iK) 

Dyer and Color-maker's Companion: 

Cnnlfiinini: upwara* of 200 Keceii>t9 for nmUlnff Tolors, on the room 
approval principle", for all the various stvlc" and fabrics nuw in ciisl- 
enee; with the Pcnurinij Process, and plain l>ireclitins for PrepariuR, 
Wnahing-off, and Finishing the Goods. In one vol., 12mo. . »1.2i 

EASTON.— A Practical Treatise on Street or Horse- 
power Hallways. 

By 4LESANi)F,n Eastos, C.E, rliistroted br 23 plates. 8vo., 
elolh "... fe;.OU 

ELDEB.— Questions of the Day: 

Eeonomip and S.ipial. l!y Dr. William Elder, fro. . t3,00 
FAIBBAIEN.— The Principles of Mechanism and Ma- 



chinery of Transmission; 

CompriKint' the Prinriple^ of Mechnni=m. Whwls. 
Blreneth and Prr>p<>nicins of Shall-. Conplinic nf Phafl", 
and DisenEHeinR Gear. By Sir WiKLiAM FAiKnAin; 
F.R.S., F.G.K. Beautifnlly illustmleil by o 



ind Pull«/a. 



r.x. (-■.E., LL-D., 

.c, ..V...T. UC..UI...U.. ,i.u...^.>.„ .,j «... .-J KOOd-CUtB. In 

voinire, 12inn. . 92.M 

POESYTH.— Book of Designs for Headstones, Mural, 
and other Monuments : 

Cnnlninintt 7*1 Deiiens, Hy Jamks FoRifYTR. With an Introdaciion 

by (.'UARLUS BOUTELL, U.' A, 4tO., cloth *ii,(W 
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GIBSON.— -The Amerioan Dyer: 

A Practical Treatise on the Coloring of Wool, Cotton, Yam and 
Cloth, in three parts. Part First gives a dtaeripdve aoooont of tbe 
iye Stuffs ; if of vep^ble origin, where produced, how cultiTated, 
ami how prepared for use ; if chemical, their compodtton, specifie 
gravities, ana general adaptability, how adulterated, and how to de- 
tect the adulterations, etc. Part Second is devoted to the Coloring of 
Wool, giving recipes for one hundred and twenty-nine different oMon 
or shades, and is supplied with sixty colored samites of WooL Part 
Third is devoted to ttie Coloring of Raw Cotton or Cotton Waste, for 
mixing with Wool Colors in the Manufiictiire of all kinds of FabrioL 
gives recipes for thirty-eight different colors or shades^ and is supplied 
with tweuty-four colored samples of Cotton Waste. Also, recipes for 
Coloring Beavers, Doeskins, and Flannels, with remarks upon Ani* 
lines, giving recipes for fifteen different colors or shades, and nine 
samples of Aniline Colors that will stand both ^e Fulling and Scour- 
ing process. Also, recipes for Aniline Colors on Cotton Thread, and 
recipes for Common Colors <m Cotton Yams. Elmbracing in all over 
two hundred recipes for Colors and Shades, and ninety-four samples 
of Colored Wool and Cotton Waste, ete. By Richard H. Gibson, 
Practical Dyer and Chemist. In one volume, 8vo. . . $12 JO 



GILBABT.— History and Prinoiples of Banking : 

A Practical Treatise. By Jabcbs W. Gilbart, late Manager of the 
London and Westminster Bank. With additions. In one volume, 
8vo., 600 pages, sheep $5.00 

Gk)thio Album for Cabinet Makers: 

Comprising a Collection of Designs for Gothic Furniture. Illustrated 
by 23 large and beautifUlIy engraved plates. Oblong . . $3.00 

OBANT. — Beet-root Sugar and Cultivation of the 
Beet. 

By E. B. Grant. 12mo $1.25 

GREGORY.— Mathematics for Practical Men : 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, anc 
Civil Engineers. By 0LINTHU8 Gb'egory. 8vo., plates, cloth $3.04 

GRISWOLD.— Railroad Engineer's Pocket Ck>mpan- 
ion for the Field : 

Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessarv Tables for Engi- 
neers ; also the art of Levelling from Preliminarr Purvey to the Con- 
struction of Railroads, intend^ Expressly for the Young Enirfneer, 
together with Numerous Valuable Bnles and Examples. Bv W. 
Griswold. 12mo., tncks '$1.75 

GRUNER.— Studies of Blast Furnace Phenomena. 

By M. L. Gruner, President of the General Council of Ttlines of 
France, and latelv Professor of Metallurgv at the Ecole des Mines. 
Translate, with tlie Author's sanction, with an Appendix, by L. D. R 
Gordon, F.R.S.E..F.G.S. Illustrated. 8vo. ... $2.50 




GDETTIEB.— Metallic AUoya: 
Bring > Practical Guide to their Chemical Bud PhTiical Propcities, 

their Pre " - " - ■■ ' •■ ■" . . . - 

Fnnch 01 

br^La FoQlleiie en 

and Engineer. Id 01 

IT A KRIS .— Qaa Superintendent's Fooket Companion. 
Bv ItAltRlfl * BKornEB, Gft» Meier M«nufiieliirer«, HIS mii] 1117 
Uherry tJUuet, PJuladt'lpliJa. Full l>uun<t in |iocl;cl-lH>ok furiu f2.i>a 

Hats and Felting: 

A Pniftical Treatise on thpir Mannfactnre. Sj A Prnctioal IIuMer. 
lllustraUilbj-Drowiugsof Machinery, etc Svo. . , , SI-2J 



Rt ('Ar.L HOFMAS:^. l.Rle SnpBrinlendcnl of i-niwr milU in Gcr- 
iii'iiiij- anil the Tniled Slates; rcctnilj mnnaiter nf the Pulilic Lcij;;er 
Paiicr Mills, near Elkt^n, Md. llliiKtrnttd lir 1 ID voud cn^rtTili;!!', 
and five large folding plates. In oue volume, 4to., clutli; ins 
lutgti (IS.'V 



By Wm. CAHTEtt nnoHES. Aneneililion. In one vol., 



ContnininK Fnfmiilin ireful in Dosiijiiinu; Ttuililrr'i work, Toblc of 
Welghta, of Ihe luatcriola used in Jtuitdinjr, Mcmiirandn cuuDeclcd 
with Builders' work, Meniurati'm, the Prartioe of Builders' Mrnsure- 
mant, Caotracta of Labor, Valuation of Property, Summary iif ih« 
Pnoliue in Dilapidation, «Ie., etc. By J. 1. Hl-nsr, C. £. Sucond 
edition, pockct-biMk furiu, full liouod ;^ca 

JERVIS.— Railway Property : 

A Trcntisp "n the r..n«lrucli<in and iranasement of Ttoilwavt; d* 
8ii!in-.Ho affoni uscftil knrmleilet, in the popular style, to the lioldcra 
i» thi« claw of property; ai well as Railway Managers, Ofliwrs, and 
Aaents. Uy JntiH B. Jkh>ib, late Chief Eneioeer of ihs Hudson 
EiVer ItailrOod.CrotoaAijuoduct.etc. laonernl., 12mo.,clulh {KM 
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KEENE.— A Hand-Book of Praotioal Gkiuging : 

For the Use of Beginners, to which is added, A Chapter on Distilla 
tion, describing the process in operation at the Castom House for 
ascertaining the strength of wines. By Jambs B. Ksenb, of H. If. 
Customs. 8vo. $1.25 

KELLEY.— Speeches, Addresses, and Iietters on In- 
dustrial and Financial Questions. 

By Hon. William D. Kelley, M. C. In one yolnme. 544 page^ 
8vo $3.00 

KENTISH.— A Treatise on a Box of Instruments, 

And the Slide Rule ; with the Theory of Trigonometry and Loj^ 
ri thins, including Practical Geometry, ourreyingy Measuring of Tun* 
ber, Cask and Malt Gauging, Heights, and Distances. By Thomaa 
Kentish. In one volume. 12mo $1.25 

KOBELL.—EBNI.— Mineralogy SimpliHed : 

A bhort Method of Determining and Classifying Minerals, by meani 
of simple Chemical Experiments in the Wet Way. Translated from 
the last German Edition of F. VoN KOBELI^ witn an Introduction (o 
Dlow-nipe Anal^is and other additions. By Henri Ebxi, M. D., 
late Chief Chemist, Department of Agriculture, author of '' Coal Oil 
and Petroleum." In one volume, 12mo $2.50 

IjANDBIN.— A Treatise on Steel : 

Comprising its Theory, Metallurgy, Properties, Practical Working, 
and L'f?e. By M. II. C. Landrin, Jr., Civil Engineer. Translate 
from the French, with Notes, by A. A. Fesquet. Chemist and Engi- 
neer. With an Appendix ou the Bessemer and the Martin Processes 
for Manufacturing Steel, from the llqwrt of Abram S. Hewitt, United 
States ('ommissioner to the Universal Exposition, Paris, 18G7. In one 
volume, 12mo. $3.00 

LARKIN.— The Practical Brass and Iron Founder's 
Quido : 

A Concise Trea+ise on Brass Founding, Moulding, the Metals and their 
Alloys, etc. : to which are added Recent Improvement* in the Manu- 
facture of Iron, Steel by the Bessemer Process, etc., etc. By James 
Lark IN, late Conductor of the Brass Foundry Department in Reany, 
Neafie & Co's. Penn Works, Philadelphia. Fifth edition, revised, 
with Extensive additions. In one volume, 12mo. . . $^2:23 

LEA VITT.— Facts about Peat as an Article of Fuel : 

With Remarks upon its Origin and Composition, the Localities in 
which it is foimd, the Methods of Preparation and Manufacture, and 
the various Uses to which it is applicable ; together with many other 
matters of Practical and Scientific Interest. To which is added a cha[>- 
ter on the Utilization of Coal Dust with Peat for the Production of an 
Excellent Fuel at Moderate Cost, specially adapted for Steam Service, 
By T. H. Leavitt. Third edition. 12m'o. . . . $1.75 
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Comprinng Practicill MiwliBnics, irilh Kules nnd Calculntions appliMl 
to Sinning; Baniag, Cltttniii);, sii<l Houuriug Wools; the Eaglisli 
and Freuoh melhods of Combing, Drawiii^, luid Spinning Wontods 
ind MiuiuSioturin){ Canled Yhtus. TnuisIuCed froni tbe Frenob of 
CBABLES Lebovx, Mechanical Engineer, anil Superlnleodent of a 
Spinning UiU, by HOBATIO PAI.SR, M. D., and A. A. KEaQUffT, 
Chemist and Engineer. Illiutraled hj 12 large Plates. To which is 
added an .ippendix, containing eitracU from tlieReporta of lh« later- 



^m Dire 
^M SOth 



Uachiuery and Fabriea, i 
tioD, 16fi7. 8vo., Dlolh. 



i eKblbitvd in the Puria tjnivcnal £zpc 



lUS (Uiss).— Complete Cookery; 
Directions for Coohcry in il» Various Branches. Br Miss Lbslib. 
SOth tbnuBond. Thoroughly reviFe.!, willi the addition of New Re- 
oeipts. In one Toluiue, I'imo., cloth fl.SO 



LESLIE (Miasj.— Two Hundred Beceipts in Freaoh 
. Cookery. 

Cloth, 12mo. 

liIEBEB.— Assayer'B Guide: 

»Dr, Praclicnl Din:clion> to Asaayent, Minen, and Bmelten, for the 
TeilB and Assuya, by tleat and by Wvt Processes, for the Ores of all 
the principal MetaLi, of Gold nud SitviT Coins and Alloys, and of 
Coal, ete, Ily OeCAB M. Likber. IVmo., cloth. , . ii:2a 

IiOTH.— The Practical Stair Builder: 
A Coniplele Truatise on Ihc Art of Building StAiri and Hond-Raila, 
Designed for Cariienteri, liiiildprs, ami Slair-tluildcre. llliislnitoc! 
with ThirtT Orii,-iiial Plules. Bv C. Euwahd Loth, Profu»>imial 
6t^r-Buildtr. Gnu lar^B -llo. volume tlOM 

LOVE.— The Art of Dyeing, Cleaning, Scouring, and 
FinishinK. on the Most Approved English and 
French Methods: 
Heinit Practical JiistmcHonBin Dyeing Silki, Woollena, and Coltom, 
FentiiuiB, Chips, Straw, eto. Scouring and Clnuuu^ Bed aad Window 
Cumuui. Carpets, Kugs, etc. French and English Cleaning, any 
Color ur Fabrio of Silk, Sutin, or Damask. Ily Thomas Love, a 
Working Dyer and Scourer. Seonnd American Ivlition, In which are 
added General Iiistmcdons for the Utti of Auiliuu Culura. In one 
volume, Svo., 313 pagei. $3.00 
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MAIN and BBOWK.— QoestioiiB on 8iilgeetB Con- 
nected with the Marine Steam-Sngine : 

And Examination Papers : with Hints for their Solution. By Thoxas 
J. M A IN, ProfesBor of Mathematics, Borml Xaral CoUq^ and Thoxas 
BfiOWN, Chief Engineer, B.X. 12mo^ cloth. . . . $L50 

MATN* and BBOWK.— The Indicator and Bsrnamo- 
meter: 

With their Practical Applications to the Steam-Engine. B7 ThoxaI 
J. Maix, M. a. F. R., Assistant Professor Boyal Karal Colk||e, Porti- 
rooath, and THOMAS Bbowx, Assoc. Inst. 0. £., Chief Ennneer, B. 
N., attached to the Royal Xaral College. Ulnstrated. From the 
Fourth London Edition. 8to. $liO 

ULAIN and BBOWK.— The Marine Steam-Sngine. 

By Thoxas J. Mah?, F. R. ; Assistant S. Mathematical Professor it 
the Rnyal Naval College, Portsmouth, and Thomas Browx, Assoc 
Inst. C. E.. Chief Engineer R. N. Attached to the Royal Naval Col- 
lege. Authors of " Questions connected with the Marine Steam-En- 
gine,'' and the ** Indicator and Dynamometer." With numerous Illos- 
traoons. In one Tolnme, 8vo $5M 

MABTIN.— Screw-Cutting Tables, for the Use of Me- 
chanical Engineers: 

Showing the Proper Arrangement of Wheels for Cnttinff the Threadi 
of Screws of any required Pitch ; with a Tahle for Hiding the Uni- 
Ycrsal Gas-Pipe Thread and Taps. By W. A. MABTnt, Enirineer. 
8vo 50 

Mechanics' (Amateur) Workshop: 

A treatise containin!^ plain and concise directions for the manipnls- 
tion of W(K>d and Metals, includinj^ Casting, Forging, Bnuing, Sol- 
derin*:, and Carpontrv. By the author of the " Lathe and its Uses." 
Third edition. Illustrated. 8vo $3.00 

MOLESWOBTH.—Pocket-Book of TJsefcQ Pormulffl 
and Memoranda for Civil and Mechanical Engi- 
neers. 

By Guilford L. Molesworth, Member of the Institution of Civil 
En^neers, Chief Resident Enj^neer of the Ceylon Railway. Second 
American, froixi the Tenth London Edition.' In one volume, fall 
bound in pockei-book form $2.00 

NAPIEB.— A System of Chemistry Applied to Dyeing. 

By James Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, inclu- 
ding the Cnemistry of Coal Tar Colors, by A. A. Fesquet, Chemist 
and Engineer. With an Appendix on Dyeing and Calico Printing, as 
shown at the Universal Exi)osition, Paris, 1867. Illustrated. In one 
rolume, $vo., 422 pages. . • 15.00 
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HAPIER,— Manual of Electro-Metallurgy ; 

Induiiina llie Aiijilicntiuu of tlic Art to Miiiiiillii.au ring rrm-PBses. By 
James NAriKii, Fmirtb Aiuiirifiiii, from Ihe fourth Londu" filitiou, 
revia«l and i^iilargod. IlliratralBU by oiH[niviii){8, lu uiiu vol., Who. $2.00 

KASOIf.— Table of Keaotions for Qualitative Chemical 

Bv IlEsnYB. Nason, ProreflaorofChcinislrTin llie Rensaelner ToIt- 
Icchnio lustiiule, Troy, New Y.irk. IJlustraie.l by Ciilort. . tl3 

HEWBERY.— aieanings from Ornamental Art of 
every Btyle : 
Drawn froia EinmplM in tlie Bri[i«li, Bouth Kennlngtoii, Indimn, 
CtyEtal Palace, Bni" ther Museums, the Eiliil.itions uf 1851 and iml, 
uid the best EnglLJi and ForeigiL works. In n xeiies of one hundred 
eiqniaitelT drown Plales, conuiioing loBny hundred exmnpleg. By 

ROBEBT NBWSESy. 4U> $16.00 

NICHOLSON.— A Manual of the Art of Bookbinding : 

Containing full inBtractions in tlie difTerenl Branches of Forwnrdint', 
Oilding, and Finiahiue. Atgi>, the Art of Marbling lInok-cdi;is lui'l 
Taper. By James B.NiCHtiLSOK. Uiustrated, IJnio.,cli)tli. $2.25 

NICHOLSON.— The Carpenter's New Guide: 
A Complete Book of Lines for Carpentera and Jniners. Bv Peter 
NicaoLHos. The whole carefully and thoronglily rcviwd by H. K. 
Davis, and containing numerous new and improved and orii;iuftl De- 
n'gns fur Roofs, Domes, etc. By ^AML'EL SLOAN, Arehiln't. 111ns- 

iDiIcd by SO plates. 4to £4.60 

NOBBIS.— A Hand-book for Locomotive Engineers 
and MachlniBts: 
Comprising the Proportions and CalcuJationa for Constmcting Loco- 
motives; Manner ofSctting Valves; Tables of Squares, Cubes, Areas, 
etc., etc. By SRPTiuiia KonniR, Civil and Me<:hanical Engineer. 

Kew edition. lUustroted. 12mo., clocli 12.00 

NYBTBOM.— On Technological Education, and the 
Construction of Ships and Screw Propellers : 
For Naval and Marine Engineers. Bv John W. Nysthom, Inte Act- 
ing Chief Eocineer. U. 8. N. Scoond edition, revised with nddilionai 
matter. Illustrated by seven eugravings. l^Imo. . . S1.50 

O'NEILL.— A Dictionary of Dyeing and Calico Print- 
ing: 
Containing a brief aeconnt of all the Subslanres and Proeewes in use 
In the Art" of Dveing and Printing Textile Fabrics; with Ptactiuoi 
BeoeipU and Seientlfio Information. By Chabi.es O'Mcili^ Ana- 
lytieal Chemist ; Fellow of the ClieraicalSocietyorLondon; Membtr 
of ^e Literarr and PhlloBonhical Socielj of Maneheater ; Author of 
"nurairtrT of Calioo Wlnttog and Dvemg." To which is added an 
Eauy on Coal Tar Colors and their application In Dyeing and Calieo 
FrfnliDg. By A. A. FKSUttET, Chemist and Engineer. With an Ap- 
pendix on Dyeing and Calico Printing, as shown at the Univerml 
Xlxpodtion, Paris, 1867. In ona volume, 8vo., tSl pages. . fO.OU 
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OHTON.— Underground Treasures: 

How and Where to Find Them. A Key for the Ready Determination 
of all the UseAil Minerals within the United States. By JajOS 
Obton, A« M. Illuiitrated, 12mo $IJSQ 

OSBOKN.— American Mines and Mining: 

Theoretically and Practically Considered. By Prof. H. 8. OSBOBI. 
Illustrated by numerous engravings. Sto. (In preparation,) 

OSBOBN.— The Metallurgy of Iron and Steel: 

Theoretical and Practical in f<Il its Branches; with special reference 
to American Materials and Processes. By H. S. OsBDiur, LL. D., 
Professor of Mining and Metallurt^ in Lafayette College, Easton. 
Pennsylvania. Illustrated by numerous large folding plates and 
' wood-engravings. 8vo. $15jOO 

OVEBMAN.— The Manufiioture of Steel : 

Containing the Practice and Principles of Working and Making Sted. 
A Handbook for Blacksmiths and Workers in Steel and Iron, nagon 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Haid- 
ware, of Steel and Iron, and for Men of Scienoe and Art. By Fred- 
EBICK OVBBMAN, Mining Engineer^ Author of the " Mannfiurture of 
Iron," etc. A new, enlar^d, and revised Edition. By A. A. FSSQUET, 
Chemist and Engineer $1 JO 

OVEBMAK.— The Moulder and Pounder's Pocket 

Guide : 

A Treatise on Moulding and Founding in Green-sand, Dry-sand, Loam, 
and Cement; the Moulding of Machine Frames, Mill-gear, Hollow- 
ware, Ornaments, Trinkets, Bells, and Statues ; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Sulphur, 
Wax, and other articles commonly used in Casting; the Constniction 
of Melting Furnaces, the Melting and Founding of Metals ; the (>>id- 
position of Alloys and their Nature. With an Appendix containing 
Keceipts for Alloys, Bronze, Varnishes and Colors for Castings; also. 
Tables on the Strength and other qualities of Cast Metals. Bv Fred- 
erick Overman, Mining? Engineer, Author of "The Manufacture 
of Iron." With 42 Illustrations. 12mo $liiO 



Fainter, Qilder, and Varnisher's Companion : 




Statement of the Diseases to which Painters are peculiarlv liable, with 
the Simplest and Best Remedies. Sixteenth Edition, flevised, with 
an ApjHsndix. Containing Colors and Coloring -Theoretical and 
Practical. Comprisinij descriptions of a great variety of Additional 
Pigments, their Qualities and Uses, to which are added, Drvers, and 
Modes and Opcnitions of Piiintini?, etc. Toajether with l?tievreurs 
Princii)les of Harmony and Contrast of Colors. 12mo., cloth. $lio 
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PALLETT.— The MiUer's, MiUwright's, and Engineer's 
Guide. 

By Henry Pallett. IllustratedL Id ooe Tohime, 12ma $3.00 

PERCY.— The Manufacture of Bussian Sheet-Iron. 

By John Percy, M.D., F.R.S., I^KHiturcr on MetalluTff^ at the Royal 
Si^hool of Mines, and to The Advanced Class of Artillery Officers at 
the Royal Artillery Institution, Woolwich; Author of*** Metallurgy." 
With Illustnitiona. ^vo., pajier. iVO cts. 

PERKINS.— Gas and Ventilation. 

Practical Treatise on Gas and Ventilation. With Special Relation to 
Illuminating^ Heating, and Cooking by Gas. Including Scientific 
Helps to Engineer-students and others. ' With Illustrated Diagrams. 
By E. E. PERKiNa. 12ma,^loth $1.25 

PERKINS and STOWE.— A New Guide to the Sheet- 
iron and Boiler Plate RoUer : 

Containing a Series of Tables showing the Weight of Slabs -and Piles 
to produce Boiler Plates, and of tlii; Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gauge in 
decimals; the Weij^t per foot, and the Thickness on the Bar or Wire 
Gauge of the fractional parts of an inch ; the Weight i»er sheet, and 
the Thickness on the Wire Gauge of Sheet-iron of various dimensions 
to weigh 112 lbs. per bundle-; and the conversion of Short Weight 
Into i^ng Weight, and Long Weight into Short. Estimated and col- 
lected by O. H. Perkins and J- G.Stowe. . , . , $2.50 

PHILLIPS and DARLINGTON.— Records of Mining 
and Metallurgy; 

Or Facts and Memoranda for the use of the Mine Agent and Smelter. 
By J. Arthur Phillips, Mining Engineer, Gnuluate of the Imperial 
School of Mines, France, etc., and John Darlingtox. Illustrated 
hj numerous engravings. lu one volume, 12ma . . $2.00 

PROTEAUX.— Practical Guide for the Manufacture 
of Paper and Boards. 

By A, Proteaux, Civil Engnwer, and Graduate of the School of Arts 
and Manufae tnres, and Director of Thiers* Paper Mill, Puy-de-DOuie. 
With ad<ritions, by L. S. Le Normand. Translated from the French, 
■with Notes, by Horatio Paine, A. B., M. D. To which is added a 
Chapter on the Manufacture of Paper from Wood in the United 
States, by Henry T. Brown, of the " American Artisan." Illus- 
trated by six plates, containing Drawings of Raw Materials, ^fnchi- 
nerj'. Plans of Paper-Mills, etc., etc- 8vo. - - . . $10.00 

EEGNATJLT.— Elements of Chemistry. 

By M. V. REGNAn.T. Translated from the French bv T. Forrest 
B'etton. M. D., anil edited, with Notes, by Jame«4 C. BOOTH, Melter 
and Refiner V. S. Mint, and Wm. L. Farrr, Metallurgist and Mining 
Entfineer. IIlustrat^Ml by nearly 70() wood engravings. Comprising 
nearly 1500 pages. In two volumes, ^vo.,«loth. • • • $7.50 
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BEID.— A Practical Treatise on the Manuflaotare of 
Portland Cement: 

I{^' IlRNKY Reid, C. E. To which is added a Tnuwlation of M. A. 
L^MtwitTi's Work, duscribing a New Method adopted in Germany for 
Manufacturing- that Cement, by W. F. Reid. illustrated by plates 
and wood engraving. 8vo. ..••... $6UX> 

BIFFAT^LT, VBBGNATTD, and TOXISSArarT.— A 
Practical Treatise on the Manuflftctare of Var- 
nishes. 

By MM. RiFFAULT, VERoyAFD, and Toussaint. Revised and 
Eilitcd by M. F. Malepeyrb and Dr. Emil WlXCILLEB. Illustrated. 
In one volume, 8vo. {In preparation.) 

BIPPAULT, VEBGNAUD, and TOTTSSAIirP.-A 
Practical Treatise on the Manuihcture of Ck>lor8 
for Painting: 

Containing- the l>est Formulae and the Prooesses the Newest mud in 
most (ieneral Use. By ^I M. Riffau LT, Veroxaud, and Tocbsaint. 
Revined and Kdito<I by M. F. Malepeyre and Dr. Emil Winckuer. 
Translated fnmi the 'French by A. A. Fesquet, Chemist and Engi- 
neer. Illu8trate<l by Engravings. In on<» volume, ^50 pages, 8vo. 

BOBIIV'SON.— Explosions of Steam Boilers: 

How they are Cause<I, and how they may be Prevented. By J. R- 
ROBIXHON, Steam Engineer. 12mo $1J25 

BOPEB.— A Catechism of High Pressure or Kon- 
Condensing Steam- Engines : 

Including the Modellings Constnictin^, Runnings and Management 
of Steam Engines and Steam Boilen*. With Illustrations. By 
SxErHES RoPEK, Engineer. Full bound tucks . . . $2.00 

BOSELETJB.-r-Galvanoplastic Manipulations : 

A Practical Guid^ fi>r the Gold and Silver Elect ro-p later and the 
Galvanoplastie Openitor. Translated from the French of Alfbkd 
llosKLKru, Chcniisty Professor of the Galvanoplcwtic Art^ Manufactu- 
rer of Chemicals, ( lold an<l Silver Electro-plater. By A. A. Fesqvet. 
Chemist and Engineer. IlliLstrated by over 127 Engravings on w«kx1. 
8vo., V.C) papres ' ^O.^M) 

y^^T- Th is Tn-nfUe h the f^dle;U a nd by far the heU on thU subject ever 
publinhcd iiithe United States. 

SCHINZ.— Besearches on the Action of the Blast 
Furnace. 

Bv Charles Schinz. Translated from the German with th«> special 
permission of the Author by William II. Maw and MoRnzMi'L- 
LKK. With an Appendix written by the Author expn>ssly hr this 
edition. lllustrate<I by seven i)late8,* containing 28 figures. Ii one 
volume, 12mo. <t— ^ 
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SHAW.— Civil Architeoture: 

Being a Complete Theoretical and Practical System of Building^ con- 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
By Thomas W. Silloway and George M. Harding, Architects. 
The whole illustrated by One Hundred and Two quarto plates finely 
engrayed on copper. Ueyenth Jtkiition. 4to., cloth. . $10.(JO 

SHUNK.— A Praotioal Treatise on Bailway Curves 
and Location, for Young Engineers. 

By William F. Snnnc, Ciyil Engineer. 12mo. . . $2.00 

SLOAN.— American Houses: 

A variety of Original Designs for Kural Buildings. Illostrated by 2G 
colored Engrayings, with I>Bseriptiye References. By Samuel Sloan% 
Architect, author of the ** Model Architect/' etc., etc 8yo. $2.50 

SMEATON.— Builder's Pocket Companion: 

Containing the Elements of Building, 8nryeying. and Architecture ; 
with Practical Rules and Instructions connect^ with the subject. 
By A. C. Smeaton, Ciyil Engineer, etc. In one volume, 12mo. $1.50 

SMITH.— A Manual of Political Economy. 

By E. Peshinb Sxith. A new Edition, to which is added a full 
Index. 12mo., cloth. $1.25 

SMITH.— Parks and Pleasure Grounds: 

Or Practical Notes on Country Residences, Villas, Public Parks, and 
Gardens. Bj CHARLES II. J. SMITH, Landmpe Gardener and 
Garden Architect, etc., etc. 12mo. |2.25 

SMITH.— The Dyer's Instructor: 




yarious Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer. 12nio., cloth. . . . $3.00 

SMITH.— The Practical Dyer's Guide: 




Woollen Cloths, etc. Containing nearly 300 Receipts, to most of which 
a Dyed Pattern is annexed. Also, A treatise on the Art of Padding. 
By David Smith. In one volume, Sto. Price. . . $25.00 

STE^W'ABT.— The American System. 

Speeches on the Tariff Question, and on Internal Improvements, princi- 

e delivered in the House of Representatives of the United States. 
^ NDREW Stewart, lale M. C. from Pennsylvania. With a Portrait, 
and a Biographical Sketch. In one volume, 8vo., 407 pages. $3.00 
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STOKES.-'Cabiiiet-maker'a and TJpholsterer'a Com« 
panion : 

Comprising' the RudimenUand Principles of CablnetHoaakingr and Ui 




Art of Dyeing and Staining- Wood, Bone, Tortoise Shelly etc. Direo 
tioiis for Lackering, Japanning, and Varnishing; to maho French 
P(>ll3h; to prepare the liest Glues, Cements^ and Compositionir, and a 
n:i::il»er of Ileeeipts particularly useful for workmen generally. By 
J. ^^TOKE8. In one volume, 12mo. Witli Illustrations. . $1J25 

Strength and other Propertiea of Metals : 

Reports of Experiments on the Strength and other Properties of Metals 
for (.'annon. With a Description of the Machines for testing- Metals, 
and of the Classification of Cannon in service. Bir Officers of the Onl- 
noncc Dqmrtment V. S. Army. By authority of tiie Secretary of War. 
Illustrated l>y 25 Jarge steel plates. In one volume, 4to. . $10.00 

SXTLLIVAN.— Protection to Native Industry. 

By Sir Edward Sullivan^ Baronet, author of "Ten Chapters on 
Social Reforms." In one volume, 8vo $1.50 

Tables Showing the Weight of Bound, Square, and 
Flat Bar Iron, Steel, etc.. 

By Measurement. Cloth 63 

T A YIiOB.— Statistics of Coal : 

Ini'ludiu;; Mineral Bituminous Substances employed in Arts and 
Manufuciures; with their Geographical, Geological, and Commercial 
Distribution mid Amount of 'rnKluction and Consumption on the 
American ContiiuMit. WitJi Incidental Statistics of the Iron Manu- 
fartiiri'. By li. C. Taylok. Second edition, revisetl by S. S. IIal- 
DKMAN. Illustrated by live Maps and many wood en^^avings. J!>vo., 
cl(»tli. ...'....'.... $KUX> 

TEMPLETON".— The Practical Examinator on Steam 
and the Steam-Engine: 

"With Instructive liofcTiMieos relative thereto, arranged for (he Use of 
Eii'^'inerrs, Students^ and others. By Wm. TempletoN, Engineer. 
iL'iiio $1.25 

THOMAS.— The Modern Practice of Photography. 

By IL W. Thomas, F. r. S. .Svo., cloth 75 

THOMSON.— Freight Charges Calculator. 

By Andrew Thomson, Freight Acpc^t. 21mo. . ,• . $1.25 

TURNING: Specimens of Fancy Turning Executed 
on the Hand or Foot Lathe: 

Witii nooniPtric, Oval, and Kr<*eittric (.^hucks. and Elliptical Onttine 
Fraine. Wy an Aniat(rur. lllustnited by 30 exquisite Photoeraphs. 
4to. . ', * . . . , ^ fa.oo 
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Turner's (The) Companion: 

Contain:::^' iDstmctions in Concentric, Elliptic, and Eccentric Tam- 
ing : also various Plates of Chucks, Tools, and Instruments ; and Di- 
ructions for usin^ the Eccentric Cutter, Drill, Vertical Critter, and 
Circular Rest ; with Patterns and Instructions for working them. A 
new edition in one volume, 12mo. $1.50 

XJBBIN.— BBULL.— A Practical Guide for Puddling 
Iron and Steel. 

By Ed. Urbix, Engineer of Arts and Manufactures. A Prize Eany 
read before the Association of Engineers, Graduate of the School of 
Mines, of Liege, Belgium, at the Meeting of 1 865^-6. To which is added 
A Comparison of the Resistiko Propebtiesof Iron and Steel. 
By A. Brill. Translated from the French by A. A. Fesquet, Che- 
mist and Engineer. In one volume, 8vo $1.00 

VAILE.— Galvanized Iron Cornice- Worker's Manual.* 

Containing Instructions in Laying out the Different Mitres, and Ma* 
liiug Patterns for all kindsof Plain and Circular Work. Also, Tables 
of Weights, Areas and Circumferences of Circles, and other Matter 
calculated to Benefit the Trade. By Chableh A. Vaile, Superin- 
tendent " Richmond Cornice Works)" Richmond, Indiana. Illustra- 
ted by '21 Plates. In one volume, 4to fa.00 

VILLE.— The School of Chemical Manures : 

Or, Elementary Principles in the Use of Fertilizing Agents. From the 
Freneh of M. (i?:oRGB ViLLE, by A. A. Fesquet, Chemist and Engi- 
neer. With Illustrations. In one volume, 12 mo. . . ^1.25 

VOGDES.— The Architect's and Builder's Pocket Com- 
panion and Price Book: 

Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decinmls, (ieometry and Mensuration ; with TablcH of U. S. Measures, 
Siz(;s, Weights, Strengths, etc., of Iron, Woml, Stone, and various 
otlK^r Materials, (juuntitiest of Materials in Given Sire**, and Dimen- 




I'kank W. Vogdes, Architect. Illustratecl. Full bound in pocket- 
book fi.rni $2.00 

Hound in cloth. 1.50 

WARN.— The Sheet-Metal Worker's Instructor: 

For Zin«% Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain- 
ing a selection of Geonietrieal Problems ; also, Practical and Simple 
Rules for describing the various Patterns required in the different 
branches of the above Trades. By Reubkx II. Warn, Practical Tin- 
plate Worker. To which is uddtnl an Appendix, containing Instruc- 
tions for Holier Making, Mensuration of Surfaces and Solids, Rules for 
Calculating the Weights of different Figures of Iron and Steel, Tables 
of the Weights of Iron, Steel, etc. Illustrated by 32 Plates and 37 
Wo<>d Kngravings. i<vo. $3.00 
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WABNEB.— New Theorems, Tables, and Diagramf 
for the Computation of Sarth-Work: 

Designed for the usm^ of Engineers in Preliminary and Final Estimates, 
of Students in En^neering, and of Contractors and other non-profes- 
sional Computers. In Two Parts, with an Appendix. Pkut I. — ^A 
Practical Treatise ; Part II.— A Theoretical Treatise; and the Appen- 
dix. Cimtainiug N'titcs to the Rules and Examples of Part I. ; Expla- 
nations of the Construction of Scales, Tables, and Diagrams, and a 
Treatise uiM>n Ecitiivalent Square Bases and Eoui^alent Level Ueishts. 
The whole illustrated by numerous ori^nal Engravings, comprising 
Explanatory Cuts for I)efinitions and Problems, Stereometric Scales 
ana Diagrams, and a Series of Lithographic Drawings fW>m Models. 
. showing all the Combinations of Solid Forms which occur in Railroaa 
Excavations and Embankmert«. By John WaB27ER, A. M., Mining 
and Mechanical Engineer. 8vo $5.00 

WATSON.— A Manual of the Hand-I«athe : 

Comprising Concise Directions for working Metals of all kinds, Ivory, 
Bone and Precious Woods; Dyeing, Coloring, and French Polishing; 
Inlaying by Veneers, and varioun niethmh practised to produce Elabo- 
rate work with DisiNitch, and at Small Expense. Bv EoBERT P. 
W.\TSON, late of " The Scientific American,*' Author of ** The Modern 
Pnu^tice of American Machinists and Engineers.*' Illustrated by 7S 
Engraviu'jjs $'l.oO 

WATSON.— The Mddarn Fractioe of American Ma- 
chinists and Engineers: 




Actual Practice at the Lathe, the Vice, and on the Flo<»r. Together 
with Workshop Manai^enu'nt, Ecoijfuny of Manufacture, the Strair.* 
Enj^iiie, Boilers, (Jears, Beltin-/, etc., etc. By E(JBKRT P. Watson, 
late of the *' Scientific AmLTiuaii." IllustraU'cl by Hfy Engnivintjs. In 
one volume, 12nn> $2..")0 

WATSON.— The Theory and Practica of the Art of 
Weaving by Hand and Power : 

With Calculations and Tahles fi>r tlie use of those connected with the 
Trade. By John Watson, Maniifiieturer and Practical Machine 
Maker. Illustrated by lariife Drawinsr-* of the best Poxrer Looms. 
8vo. $U».(>o 

"WEATHERLY.— Treatise on the Art of Boiling Su- 
gar, Crystallizing, Lozenge-making, Comfits, Gum 
u-oods. 

12mo $2.1)0 

WEDDING.— The Metallurgy of Iron ; 

Theoretically antl Practically Considered. Bv Dr. HERMANN Wed. 
DiNCi, Professor of the Metalliiriry of Iron at the Roval Mining 
Academy, Berlin. Translate"! by ./I'Lirs Dr Mont, Betlfileheni. Pa. 
Ulnstrated by 207 Enirrayin'^s on Woo<l, and three Plates. An one 
volume, 8vo. (In j)''t\'<g.) 
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WILL.— Tables for Qualitative Chemical Analysis. 

Bv Professor IlEiNRicii WiLL, of Giessen, Germany. Seventh edi- 
tion. Translated by Charles F. Himes, Ph. D., Professor of Natu- 
ral Science, Dickinson College, Carlisle, Pa. . . . ^1.50 

WILLIAMS.— On Heat and Steam : 

Embracing New View§ of Vaporization, Condensation, and Explosions.' 
By CuARLES Wye Williams, A. I. C. £. Illustrated. 8yo. $3.50 

WOHLEB.— A Hand-Book of Mineral Analysis. 

By F. WoHLER, Professor of Chemistry in the University of Gottin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in the 
Kensselaer Polytechnic Institute, Troy, New York. Illustrated. In 
one volume, 12mo $3 00 

WOBSSAM.— On Mechanioal Saws: 

From the Transactions of the Society of Engineers, 1869. By 8. W. 
WORSSAM, Jr. Illustrated by 18 large plates. 8yo. . . $d.00 
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